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Patent 

Attorney's Docket No. 010315-210 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
Mika Lahtinen et al. 
Application No.: 10/693,905 
Filed: October 28, 2003 
For: MEDICAL DEVICE 



Mail Stop Petitions 
Group Art Unit: 1636 
Examiner: 

Confirmation No.: 9474 



RENEWED PETITION UNDER 37 C.F-R. 1.47 

Commissioner for Patents 
P.O. Box 1450 
Alexandria. VA 22313-1450 

Sir: 

In response to the Decision mailed October 19, 2004, and pursuant to 37 CFR 
1 .47 and MPEP 409.03, Applicants hereby renew their petition to proceed with the 
instant application in the absence of co-inventor Mika Lahtinen. As stated in 
Applicants* previous Petition, Mr. Lahtinen refuses to sign the Oath and Declaration 
in the instant application. 

Applicants' prior Petition was dismissed on the basis that Applicants had not 
provided "proof that the non-signing inventor cannot be reached or refuses to. sign 
the oath or declaration after having been presented with the application papers" as 
required by 37 CFR 1.47(a)(1). In particular, Applicants' previous petition was 
denied because "[T]he proof submitted is not sufficient proof that a copy of the 
application papers were presented to the inventor." Decision at p. 2. 

Accordingly, attached hereto are the following exhibits: 
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Exhibit A: Letter from Dr. Minna Valtavaara, Ph.D., of Assignee FIT Biotech 
Oyj Pic, attesting that attempts have been made to obtain the signature of Mika 
Lahtinen. 

Exhibit B: Copy of an email message of 1 December 2004 from Dr. 
Valtavaara forwarding copies of the application, Declaration & Power of Attorney, 
and Preliminary Amendment to Mr. Lahtinen. 

Exhibit C: Letter of 1 December 2004 from Dr. Valtavaara forwarding copies 
of the application, Declaration & Power of Attorney and Preliminary Amendment, to 
Mr. Lahtinen, and copies of the enclosures to that letter. 

Also enclosed are Declaration/Powers of Attorney executed by Mikko 
Laukkanen, Seppo Yla-Herttulala, and Olli-Pekka Leppanen, the three remaining co- 
inventors in the referenced application. Pursuant to MPEP 409.03(a), the signature 
block of nonsigning inventor Mika Lahtinen has been left blank. 

Pursuant to MPEP 409.03(e), Mr. Lahtinen's last known address is 

Mika Lahtinen 
Tryffelvagen 14 
75646 Uppsala 
Sweden 
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The petition fee of $130.00 pursuant to 37 CFR 1.17(h) was paid with our 
Petition filed September 1 , 2004. A copy of the date stamped postcard evidencing 
receipt of this fee is enclosed. If any additional fees are required the Commissioner 
of Patents is authorized to charge Deposit Account 02-4800. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 



Date: February 18. 2005 




Registration No. 39,300 

P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



VA 691278.1 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY OR DESIGN PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor ( if^plura l names are listed below) of the subject matter which is claimed and for which a patent is 
souqh>${p^pin^t{»Qtion entitled: 




MEDICAL DEVICE 



the specification of which (check only one item below): 

□ is attached hereto, and was amended on 

□ was filed as United States application number on 
and was amended on (if applicable). 

|x| was filed as PCT international application number PCT/SE02/00848 
and was amended on (if applicable). 



(if applicable). 



on April 30. 2002 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §§1 1 9 (a)-(d), 172 or 365 of any 
foreign application(s) for patent or inventor's certificate or of any PCT intemational application(s) designating at 
least one country other than the United States of America listed below and have also identified below any 
foreign application(s) for patent or inventor's certificate or any PCT intemational application(s) designating at 
least one country other than the United States of America filed by me on the same subject matter having a 
filing date before that of the application(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATION{S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. §§1 19(aHd). 172 or 365: 


COUNTRY 
(if PCT, indicate -PCT") 


APPLICATION NUMBER 


DATE OF FILING 
(MM/DD/YYYY) 


PRIORITY CLAIMED UNDER 
35 U.S.C. §§119, 172 or 365 


PCT 


SE02/00848 


04/30/2002 


S Yes □ No 


Finland 


20010898 


04/30/2001 


S Yes □ No 








□ Yes Dno 








□ Yes □ No 








□ Yes □ No 








□ Yes □ No 








□ Yes □No 








□ Yes □No 





BURNS 





' •- ' Q-\-OH- 
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*^ Bum «mo, 



Application No. TBA 

Attorney Docket No. 010315-210 



I hereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business 
in the Patent and Trademark Office connected therewith and to file, prosecute and to transact all business in 
connection with international applications directed to said invention: 





19.885 


James W. Peterson 


26,057 


Harold R. Brown lit 


36.341 


Platon N. Mandros 


22!l24 


Teresa Stanek Rea 


30.427 


Allen R. Baum 


36.086 


Benton S. Duffett, Jr. 


22.030 


William C. Rowland 


30.888 


Brian P. 0*Shaughnessy 


32.747 


Noiman H. Stepno 


22.716 


T. Gene Dillahunty 


25.423 


Kenneth B. Leffler 


36.075 


Ronald L. Grudzlecki 


24.970 


Patrick C. Keane 


32.858 


Fred W. Hathaway 


32,236 


Alan E. Kopecki 


25,813 


B. Jefferson Boggs. Jr. 


32.344 


Wendi L. Weinstein 


34.456 


Regis E. Slutter 


26,999 


Peter K. Skiff 


31.917 


Donna M. Meuth 


36.607 


Samuel C. Miller, III 


27,360 


Richard J. McGrath 


29,195 


Mari< R. Kresloff 


42,766 


Robert G. Mukai 


28.531 


Matthew L.Schneider 


32.814 


Nhat D. Phan 


39.581 


George A Hovanec. Jr. 


28.223 


Michael G. Savage 


32.596 


Claude A.S. Hamrick 


22,586 


James A LaBarre 


28.632 


Charies F. Wieiand 111 


33,096 






E. Joseph Gess 


28.510 


Bruce T. Wieder 


33.815 






R. Danny Huntington 


27.903 


Todd R. Walters 


34.040 






Eric H. Weisblatt 


30,505 


Ronni S. Jillions 


31.979 







and Malrnlm K Mf^C^nwan Ph D Rftn No 39 3QQ 



Address all correspondence to: BURNS. DOANE. SWECKER & MATHIS, L.L.P. 

Customer Number 2 18 3 9 
P.O. Box 1404 

Alexandria. Virginia 22313-1404 
Address all telephone calls to: Malcolm K. McGowan. Ph.D. at (703) 836-6620. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 



NAME OF SOLE OR FIRST INVENTOR 


Given Name 

(first and middle (if any)) 


MDca 


Family Name 
or Surname 


Lahtinen 


Inventor's Signature 


Date 




Residence: 


City 


Uppsala 


State 




Country 


Sweden 


Citizenship 




IMalling Address 


Tryffelvagen 14 ." 






City 


Uppsala 


State 




ZIP 


S-756 46 


Country 


Sweden 


NAME OF SECOND INVENTOR 


Given Name 

(first and middle (if any)) 


Mikko 


Family Name 
or Surname 


Laukanen 


Inventor's Signature 


Date 


Residence: 


City 


Haapalahti 


State 




Country 


Finland 


Citizenship 




Mailing Addre 


5S 


Lauklcalansaari. l-laapalahdentie 171 


City 


Haapalahti 


State 




ZIP 


FIN-81295 


Country 


Finland 
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NAME OF THIRD INVENTOR 


Given Name 

(first and middle (if any)) 


Seppo 


Family Name 
or Surname 


Yla-Herttuala 


Inventor's Signature 


Date 


Residence: 


City 


Vuorela 


State 




Country 


Finland 


Citizenship 




Mailing Addres 




Ruukinpolku 7 


City 


Vuorela 


State 




ZIP 


FIN-70910 


Country 


Finland 


NAME OF FOUl 


RTH INVENTOR 


Given Name 

(first and middle (if any)) 


lU OirhPekka 


Family Name 
or Surname 


Leppanen 


Inventor's Signature IM K 


Date Z^.^. ok 


Residence: 


City 


Uppsat^ 


State 




Country 


Sweden 


Citizenship 




Mailing Address 


Ostra Agatan 51 B 


City 


Uppsala 


State 




ZIP 


S-753 22 


Country 


Sweden 


NAME OF FIFTH INVENTOR 


Given Name 

(first and middle (if any)) 




Family Name 
or Surname 




inventor's Signature 


Date 




Residence: 


City 




State 




Country 




Citizenship 




Mailing Addrei 






City 




State 




ZIP 




Country 




NAME OF SIXT 


H INVENTOR 


Given Name 

(first and middle (if any)) 




Family Name 
or Surname 




Inventor's Signature 


Date 




Residence: 


City 




State 




Country 




Citizenship 




Mailing Addre 


BS 






City 




State 




ZIP 




Country 




NAME OF SEV 


ENTH INVENTOR 


Given Name 

(first and middle (If any)) 




Family Name 
or Surname 




Inventor's Signature 


Date 


Residence: 


City 




State 




Country 




Citizenship 




Mailing Addre 


5S 




City 




State 




ZIP 




Country 





BURNS 
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^^^^?b6fpW named inventor, I hereby declare that 

^M'$:i!yAy. resldenfce, post office address and citizenship are as stated below next to my name; 

|vf> ;rteljeve 1 amjtheebriginaf. first and sole Inventor (ff only one name Is listed below) or an original, first and joint 

' inventor Iff .plurat names are listed below) of the subject matter which is claimed and for which a patent is 
^ ; s^ entitled: 



the 




FEB 



MEDICAL DEVICE 



_ _ , . r.pf v^ch (chcK^ item below): 

.v.y>^y.r-j|jj;v^^ application number 



(if appiicabie). 



on 

^^-^andvi^ariieh ^applicable). 
S: : was fili^ as PCT international application number PCT/SEQ2/00848 
arid wa&arhended on (if applicable). 



on April 30. 2002 



I hereby st^te that i have reviewed and understand the contents of the at>ove-identified specification, including 
the claims^ as amended by any amendment referred to above. 

I acknowledge tile duty to disdose to the Office all infomnation known jto me to be material to patentability as 
defined Tin TO 

I hereby cTaiiri foreign pndnty benefits under Titie 35. United States Code, §§119 (aHd), 172 or 365 of any 
foreign appKcati6h(s> fbr patent or inventor's certificate or of any PCT international appiication(s) designating at 
least one county other than the United States of America listed below and have also identified below any* 
foreign applicatioh(s)ifcir patent or inventor's certificate or any PCT international application(s) designating at 
least one country other than the United States of America filed by me on the same subject matter having a 
filing date before that of the application($) of which priority is claimed: 



PRIOR roRBGN/PCT APPUCATION(S) AND ANY PRIORmr CLAIMS UNDER 35 U,S.a §§1 19(a)-(<f}i 172 or 365: 


COUNTRY 
(if PCT. indicate *PCT^ 


APPUCATION NUMBER 


DATE OF nUNG 
(MMA>D/YYYY) 


PRIORmr CLAIMED UNDER 
35 U^.a §§119. 172 or 365 


PCT 


SEQ2/00848 


' 04/30/2002 


® Yes □ No 


Hnland ' 


20010898 


04/3Q/2001 


BVes DNo 








□ Ves Dno 








□ Yes Qno 








□ Yes QNo 








□ Yes Dno 








□ Yes □No 








□ Yes □No 



BURNS 



DOANE 



8Ura« OOANCSVVEOCER & M/OHtS 11P> 

.AJTosucvsAruiMr . . 
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Application No. 10/693,905 
Attorney Docket No. 010315-210 



I hereby appoint the attorneys and ageni(s) associated v/tth the following PTO Customer Number of Burns, 
Doane. Swecker & Mathls. L.L.P. to prosecute said appHcation and to transact ail business in the Patent and 
Trademaric Office connected therewith and to file, prosecute and to transact all business tn connection vnth 
international applications directed to said invention: 

Customer Number 2 18 3 9 



I hereby dedare that all statements made herein of my own knowvfedge are true and that ad statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the appQcation or any patent issued thereon. 



NAME OF SOLE OR FIRST INVENTOR 


GIVEN NAME (first and middle Of any)) 
Mika 


FAMILY NAME OR SURNAME 

Lahtinen 


INVaJTOR*S SIGNATURE 


DATE 


RESIDENCE (CHy. State & Country) 
Uppsala. S-756 46. Sweden 


CmZENSHIP 


MAJUNG ADDRESS (Complete Street Address Includins City. State. Zip & Country) 
Tryffelvagen 14. Uppsala. S-JSG 46. Sweden 


NAME OF SECOND INVENTOR 


GIVEN NAME (first and middle fif any)) 


FAMILY NAME OR SURNAME 
Laukkanen 




DATE ^ #v ^ 


RESIDENCE (Oty. State & Countiv) 
Haapalahti. RN.81295. Finland 


CmZENSHlP 


MAILING ADDRESS (Complete Street Address Including City. State. Zip & Country) 
Laukkalansaari. HaapaJahdenlie 171. HaapalahU. FlN-81295, Finland 


NAME OF THIRD INVENTOR 


GIVEN NAME (first and mMdle (if any)) 
Seppo 


FAMILY NAME OR SURNAME 

Yia-Hemuala 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City. State & Country) 
Vuorela. FINt70910. Finland 


CITIZENSHIP 


MAIUNG ADDRESS (Complete Street Address Including Oiy, State, Zip & Country) 
Ruukinpotku 7. Vuorala. FIN-70d1 0. Finland 



OOAISIE 
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i ^Ali/IE OF THIRD INVENTOR 


Given Name 

<mst and middle (if any)} 


Seppo 


Family Name 
or Su^ame 


Yla4H erttuala 


Inventoi's Signature / 






Date 


Residence: 


City 


VUorefa ^ 


Istat 




Coantr] 


f Finland . 


dioEensiui 




Ma01ng Address 


RuukinpoDcu7 


crty 


VUoroJa 


StaU 


\ 




FlN-70d10 


Country 


Finland 


NAME OF FOURTH INVENTOR 


Given Name 

(first and middle (If any)) 




Family Name 
orSunfiame 


Leppanen 


Inventor^ Signature 


Date . . 


Residence: 


City 


Uppsda 


State 




Cottrilry 


Se»eden 


CNIsensbip 




Mamhg Address 


Osira Agatan 51 B ' 


City . 


Uppsala 


State 






S-75322 


Country- 


Sweden 


NAME OF FIFTH INVENTOR 


Given Name- 

(first and middle |ir any)) 




Family Name 
or Surname 




Inventor^ Signature 


Date 


Residence: 


City 




State 


; 


Countiy 




CittBenslilp 




Mailing Address. . 




City 




State 




ZIP 




Country 




NAME OF SIXTH INVENTOR . 


Given Name 

(first and.mlddie (ff any)) 




Family Name 
or Surname 




Inventor^ Signature 


Date 


Resldonce: 


City 




State 




Country 




Citizenship 




MaiRngAddress' 




Cl^ 




State 




ZIP 




Cottfrtiy - 




NAME OF SEVENTH INVENTOR 


Given Name 

(first and middle 0f any)) 


1 

( 


"amlly Name 
>r Surname 




Inventor's Signature 


E>ate 


Residence: 


City 




State 


c 


Country 




Citizenship 




Malfing Address - 




City 




State 


* a 


OP 




Country 





BURNS 



DOANE 
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Ankom 
I 2005 -01- -I 3 

/FIT BIOTECH ^ ValeaAB 



Tampere, 21.1.2005 



This is to confirm that attempts of obtaining Mika Lahtinen's signature for this 
Combined Declaration and Power of Attomey (Attomey Docket No. 010315-210, 
Medical Device, PCT/SE02/00848) has been made and he has not signed the papers. 



FIT Biotech Oyj Pic 



Miima Valtavaara, PhD 
Project & IPR Manager 



End. Copy of two letters to Mika Lahtinen 



FIT Biotech Oyj Pic. 
Lenkkeilijdnkatu 10 
33520 Tampere 
Finland 

TeL ^35833138 7000 
Fax *3583 3138 7050 
www,fitbiotech, com 



•> 
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Minna Valtavaara 



Lahettaja: Minna Valtavaara 

Lahetetty: 1 . joulukuuta 2004 1 8:44 

Vastaanottaja: 'mikaJahtinen@hotmail.com* 

Aihe: us application - medical device - ec-sod 



Dear Mika, 

I kindly ask you to sign the following "combined declaration and power of attorney" in order to facilitate the patenting 
process in the USA. 

Please reply to me as soon as possible. As attachements, the application text, amended claims and the power of 
attomey. 

Kind Regards, 

Minna Valtavaara 




WO02731043.pdf SCAN55300186_00 power of 
O.pdf attomey.pdf 



Minna Valtavaara, PhD 
Project and IPR Manager 
FIT Biotech Oyj Pic 
Biokatu 8 

33520 Tampere, Finland 

tel +358-3-31387052 

mobile +358-40-8331335 

fax +358-3-31387050 

m inna. valtavaara @ f itbiotech .com 

www.fitbjotech.com 
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Mika Lahtinen 
Tryffelvagen 14 
75646 Uppsala 
Sweden 



Tampere, 1. 12.2004 



USlO/693^5 patent application Medical Device PCT/SE02/00848 



Dear Mika, 



Kindly sign the power of attorney and send it back to me. Also included arc the 
application text and the amended claims. This power of attorney is needed to facilitate 
the patenting process in USA. a^uiwic 

If you have any questions, do not hesitate to contact me. 
Yours Sincerely, 





Minna' Valta vaara. 
Project and IPR Manager 

FIT Biotech Oyj Pic 
Biokatu 8 
33520 Tampere 
Finland 

email: m inna. val tavaara @ fi tbiotech.cnm 
puh: +358-3-31387052 



FfT Biotech Oyj Pic. 
Lenkkeilijdnkatu 10 
.335JO Tampere 
Finland 

Tel. +35fS 3 3138 7000 
Pax *3 58 3 3138 7050 
wwuKfitbiotech. com 
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Translation of Mika Lahtinen's letter to Minna Valtavaara (17.1.2004): 
Hej Minna, 

I think that the ecSOD and graft connector patents can't be registered legally, because 
the list of inventors is not correct. It seems that there are too many names, but this 
needs to be checked from the point of law. I will check this with USPTO during this 
spring, and because this matter is not finished, I wont sign any papers, that might be 
legally invalid. I would like you to inform also USPTO and Canada's office and tell 
them that this is the reason why I am not signing the papers at the moment. I will do 
this myself anyway and I will quote this letter that I have send to you and informed 
you about this. 

Can you please tell your directors to contact me concerning this patent situation, if 
they are ready to discuss about the commercialisation of these patents in the future. 

Mika 



Translation of Minna's letter to Mika (17.1.2005) 
Hei Mika, 

Please be so kind and sign the Assignment paper (Canada derived from 
PCT/SE03/00713). This is a continuation of die PCT application. The application can 
be found from ep.espacenet.com with the number WO03092727. 

Kind Regards, 
Minna 
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As a below named inventor. I hereby declare that: 




the speaficatlon of which (check only one Item below)- 
U IS attached hereto, and was amended on 
a was filed as United States application num^iT 
and was amended on 



on 

and w» ame^ted on Pc..2a.ax.3 01^^^^ 



(ff applicable). 



.on April 30. 2002 





COUNTRY I ^ §§119(aHd ). 1 72 or 365(a): 

App^C^^^^^ ^^^^^ °^r"'ig^ rHKIOKIiy CLAIMED UNDER 

^ 1 04/30/2002 I Svll rnZ ^ 

2001089a I jg Yes LJ Mr. 



_Finland 



04/30^001 



□ Yes n Mr. 



J Yes 
□ Yes 



DNo 
QNo 



(burns 



DOANE 
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Application No. 10/693.905 
Attorney Docket No. 010315-210 



Ihereby appoint the attorneys and agent(s) associated with the following PTO Customer Number of Burns 
Doane. Swecker & Mathis, L.L.P. to prosecute said application and to transact all business In the Patent and 
Trademark Office connected therewith and to file, prosecute and to transact all business In connection with 
international applications directed to said invention: 



Customer Number 2 18 3 9 



1 hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on informaton and belief are believed to be true; and further that these statements were made with 
Uie knowledge that willftil false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false statemehts may 
jeopardize the validity of the application or any patent issued thereon. 


NAME OF SOLE OR FIRST INVENTOR ] 


GIVEN NAME (first and middle (If any)) 

MIka 


FAMILY NAME OR SURNAME 

Lahtinen 


INVtN lUR-S SIGNATURE ■ * 


IDATE 


RESIDENCE (aty. State & Country) ———^ 

Uppsala. S<756 46, Sweden 


CmZENSIflP 


MAIUNG ADDRESS (Complete Street Address including CiW, State 
Tfyffelvagen 14, Uppsala, S-756 46, Sweden 


. Zip & Country) 






NAME OF SECOND INVENTOR 


Ul VliN NAME (first and middle (if any)) 

Mikko 


FAMILY NAME OR SURNAME 
Laukkanen 


INVbNIUK-S SIGNATURE 


DATE 


RESIDENCE (City, State & Country) ' 
Haapalahtl. FIN-81295. Finland 


CITIZENSHIP 


MAiUNG ADDRESS (Complete Street Address Including City. State. Zip & Country) " 

Laukkalansaari. Haapalahdentle 171 , Haapalahtl. FIN-81295, Finland 


NAME OF THIRD INVEHTOR 


GIVEN NAME (first and middle (if any)) 

Seppo 


FAMILY NAME OR SURNAME 

Yla-Herttuala 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City, State & Country) 
Vuorela, FIN-7()910. Finland 




CITIZENSHIP 


MAIUNG ADDRESS (Complete Street Address including City. State. Zip & Countnr) " 

RuuWnpoIku 7. Vuorela, FIN-70910, Finland « ' P*^°"""yi 



BURNS 



DOANE 



BURNS DOANE SWVegCR & fWIAma LLP 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 



LISTING OF CLAIMS: 
Claims 1-49 (Canceled) 

Claim 50 (New) A method for treating and/or preventing restenosis in a mammal, comprising 
administering to the mammal a composition comprising a nucleic acid encoding extracellular 
superoxide dismutase in an amount sufficient to reduce and/or prevent restenosis. 

Claim 51 (New) A method according to claim 50, wherein the composition is administered by 
local or systemic delivery. 

Claim 52 (New) A method according to claim 50, wherein the nucleic acid is present in a 
biologically compatible medium in naked form. 

Claim 53 (New) A method according to claim 50, wherein the nucleic acid is in a viral vector 
selected from the group consisting of retrovirus, Sendai virus, adeno-associated virus and 
adenovirus. 

Claim 54 (New) A method according claim 50, wherein the nucleic acid is present in a 
liposome. 

Claim 55 (New) A method according to claims 52, wherein the biologically compatible 
medium is a biostable polymer, a bioabsorbable polymer, a biomolecule, a hydrogel polymer 
or fibrin. 

Claim 56 (New) A method according to claim 50, wherein the step of administering the 
composition is repeated at least once. 

Claim 57 (New) A method according to claim 50, wherein the mammal is a human. 

Claim 58 (New) A method for treating and/or preventing blood vessel thickening in a 
mammal, comprising administering to the mammal a composition comprising a nudelc acid 
encoding extracellular superoxide dismutase in an amount sufficient to reduce and/or 
prevent blood vessel thickening. 

Claim 59 (New) A method according to claim 58, wherein the composition Is administered by 
local or systemic delivery. 

Claim 60 (New) A method according to claim 58, wherein the nucleic acid is present in a 
biologically compatible medium In naked form. 
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Claim 76 (New) A method according to claim 74, wherein the nucleic acid is present in a 
biologically compatible medium in naked fonii. 

Claim 77 (New) A method according to claim 74. wherein the nucleic acid is in a viral vector 
selected from the group consisting of retrovirus, Sendai virus, adeno-assoclated virus and 
adenovirus. 

Claim 78 (New) A method according claim 74, wherein the nucleic acid is present in a 
liposome. 

Claim 79 (New) A method acconJing to claims 76. wherein the biologically compatible 
medium is a biostable polymer, a bioabsorbable polymer, a biomolecule, a hydrogel polymer 
or fibrin. 

Claim 80 (New) A method according to claim 74, wherein the step of administering the 
composition is repeated at least once. 

Claim 81 (New) A method according to claim 74, wherein ttie mammal is a human. 

Claim 82 (New) A method for treating and/or preventing restenosis in a mammal, comprising 
administering to the mammal a composition comprising a nucleic acid and a biologically 
compatible medium In an amount sufficient to reduce and/or prevent restenosis, wherein the 
nucleic acid encodes a translation or b"anscription product that leads to the production of 
extracellular superoxide dismutase protein. 

Claim 83 (New) A method according to claim 82. wherein tiie composition Is administered by 
local or systemic delivery. 

Claim 84 (New) A method according to claim 82, wherein the nucleic acid Is present in 
naked form. 

Claim 85 (New) A method accoreling to claim 82, wherein the nucleic acid is in a viral vector 
selected from the group consisting of retrovirus, Sendai vlnis, adeno-associated virus and 
adenovirus. 

Claim 86 (New) A metiiod acconJing claim 82, wherein the nucleic acid is present in a 
liposome. 

Claim 87 (New) A meUiod acconJing to claims 82, wherein tiie biologically compatible 
medium is a biostable polymer, a bioabsorbable polymer, a biomolecule, a hydrogel polymer 
or fibrin. 

Claim 88 (New) A metfiod according to claim 82, wherein the step of administering the 
composition is repeated at least once. 

Claim 89 (New) A metiiod according to claim 82, wherein the mammal is a human. 

Claim 90 (New). A method for heating and/or preventing blood vessel thickening in a 
mammal, comprising administering to the mammal a composition comprising a nucleic acid 
and a biologically compatible medium in an amount sufficient to reduce and/or prevent blood 
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Claim 105 (New) A method according to claim 98. wherein the mammal is a human. 

Claim 106 (New) A method for increasing endothelial cell growth in a mammal, comprising 
administenng to the mammal a composition in an amount sufficient to increase endothelial 
cell growth, wherein the composition comprises a nucleic acid encoding extracellular 
superoxide dismutase, an extracellular superoxide dismutase protein, or a nucleic acid 
present in a biologically compaUbie medium, wherein the nucleic acid encodes a translation 
or transcnption product that leads to the production of extracellular superoxide dismutase 
protein. 

Claim 107 (New) A method according to claim 106. wherein the composition is administered 
by local or systemic delivery. 

Claim 106 (New) A method according to claim 106, wherein the nucleic acid present in a 
biologically compatible medium is In naked forni. 

Claim 109 (New) A method according to claim 106, wherein the nucleic acid Is In a viral 
vector selected from the group consisting of retrovirus. Sendai virus, adeno-associated virus 
and adenovirus. 

Claim 1 1 0 (New) A method according claim 1 06, wherein the nucleic acid is present In a 
liposome. 

Claim 1 1 1 (New) A method according to claims 106, wherein the biologically compatible 
medium is a biostable polymer, a bioabsorbable polymer, a blomolecute, a hydrogel polymer 



Claim 112 (New) A method according to claim 106, wherein the step of administering the 
composition is repeated at least once. 

Claim 113 (New) A method according to claim 106. wherein the mammal is a human. 

Claim 1 14 (New) A method for inhibition of hyperplastic connective tissue growth and/or 
promoting endothelialisalion in a mammal, comprising administering to the mammal a 
composition in an amount sufficient to inhibit hyperplastic connective tissue growth and/or 
promote endotheiialisation, wherein the composition comprises a nucleic add encoding 
extracellular superoxide dismutase, an extracellular superoxide dismutase protein or a 
nucleic acid present In a biologically compatible medium, wherein the nucleto acid'encodes a 
translation or transcription product that leads to the production of extracellular suoeroxkie 
dismutase protein. 

Claim 115 (Nevv) A method according to claim 114, wherein the composttlon Is adminlsteiBd 
by local or systemic delivery. 

Claim 116 (New) A method according to claim 114, wherein the nucleic acid present in a 
biologically compatible medium Is in naked form. 

Claim 117 (New) A method according to dalm 114, wherein the nudeic acid is in a viral 
vector selected from the group consisting of retrovirus, Sendai virus, adeno-assoclated vims 
and adenovirus. 
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REMARKS 

Entry of the foregoing, and early and fevorable consideration of the subject 
application are respectfully requested. 

By the present amendment, claims 1-49 have been deleted without prejudice to or 
disclaimer of the subject matter contained therein. New claims 50-129 have been added. 
The new claims, directed to methods of treating and/or preventing restenosis and/or blood 
vessel thickening, methods of decreasing macrophage accumulation, increasing endothelial 
cell growth. Inhibiting hyperplastic connective tissue growth and/or promoting 
endothelialisation. derive support firom throughout the specification and claim as originally 
filed. No new matter has been added. 

ShouW there be any questtons concerning the present Preliminary Amendment, or 
the application in general, the Examiner is respectfully urged to telephone Applicants- 
undersigned representative so that prosecution of the application may be expedited. 

Respectfully submitted. 

Burns. Doane. Swecker & Mathis. l.l.p. 
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which device conqmses a core and a nucleic acid, encoding a product capable of leading to production of extracellular superoxide 
^ dismutase present in a biologicaUy compatible medium. Said nucleic acid encodes a translation or transcription product, which is 
^ capable of inhibiting hyperplastic connective tissue growth and promoting endothelialisation in vivo at least partially on a synthetic 
^ surface of said core. The present invention also relates to a metiiod of producing a medkal device according to the invention. 
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MEDICAL DEVICE 

Technical field 

The invaition relates to the use of a gene product for reducing restenosis, incieasing endo- 
theUaHsation and reducing inflammatory reaction. It also relates to the use of said gene 
product for the reduction of fibrosis and infection rate in a patient It further relates to a 
medical device suitable for implantation into a human or animal, such as an implantable 
prosthetic device, combined with a nucldc acid component, which codes for a gene prod- 
uct that wiU assist in reducing connective tissue formation. The invention additionaUy re- 
lates to a method of reducing connective tissue and inflammatory reaction formation and to 
a method for increasing endothelialisation with the purpose of improving a human or ani- 
mal body's acceptance of a medical device, comprising at least one synthetic surface. Also 
related to is a method of producing a medical device according to ttie invention. 

Background of the invention 

Diseased and damaged parts of the body can either be repaired or replaced with several 
mediods. These procedures induce reactive changes in the tissues where the intervention is 
performed or a device implanted. These reactive changes in tissues are difficult to control 
and cause compHcadons. Tissue reactive changes occur both in connection to aU traumatic 
handling of tissues, transplantation of biological material or implantation of syndietic mate- 
rial.. 

To repair tissues dther endovascular, endoscopic or surgical methods are performed. All 
these procedures suffea: fiom reaction to trauma caused by the intervention widi foDovwng 
scar tissue formation or fibrotic reaction, hi addition to repairing the body part it can also 
be replaced. Ihen the donor tissues are generally procured elsewhere: eithar from the re- 
cipient's own body (autograft); from a second donor (aUografl); or, in some cases, from a 
donor of another species (xenograft). R^lacement of the body part with native structures is 
usually preferred method but suffers from tissue reaction in the connection site. Tissue 
transplantation is costly, and sufBers firom significant failure rates because of acute inflam- 
matory and long-term fibrotic reactions. Use of artificial or synthetic medical implant de- 
vices has be«i subject of considerable attention, but also this technology suffers firom for- 
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eign body xeaction against the implants with following increase in connective tissue or fL- 
biosis. 



Althou^ implant devices can be used in some instances as an alternative to donor-based 
5 transplants, they too often produce unsatisfactory results because of the tissue response to 
trauma, implant's incompatibility with the body, induction of foreign body inflammatory 
reaction and induction of connective tissue fonnation with following ^ometrical changes. 
Also, lack of cell lining of the cardiovascular device synthetic surface sets up conditions, 
which inoieases the risk of thrombosis and other medical/surgical procedural con^lica- 
[0 tions. The clinical consequence is either restriction in the flow or occlusion when the de- 
vice is implanted intcavascularly or fihrotic c^ule encasing the in^lant when implanted 
in the tissues. The final consequence is dysfunction and following other clinical medical 
complications. 

IS One specific area where die growth factors, genes and implants are used is in the cardio- 
vascular field. Cardiovascular diseases affect a large segment of the human population, and 
are a cause for significant morbidity, costs and mortality in the society. About 60 million 
adults in the USA have a cardiovascular disease, which is the major cause of death in the 
USA. There are one million acute myocardial infarctions or heart attacks per year with 

20 200000 deaths a year. Claudicatio intermittens cause significant morbidity and yearly 
150000 lower limb amputations are required for ischemic disease with significant pe- 
rioperative mortality. Cerebral vascular disease, strokes and bleedmgs also cause signifi- 
cant morbidity, costs and mortality. There are one million dialysis patients, and yearly 
200000 arteriovenous fistula operations are required to surgically create access for dialysis. 

25 

Coroiuuy and p^pheral vascular diseases are characterised by blockages in the blood ves- 
sels providing blood fiow and nutrition to the organs. Nadve blood vessels used as grafts 
suffer from increased connective tissue fonnation and accelerated atherosclerosis. This 
causes subsequently narrowing of the vessel lumen. Oth^. significant disease groups are 
30 aneurysms, i.e. local dilatation of the vessels, pseudoaneurysm, and dissection of the vessel 
wall. 
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Thm are phannacological, surgical and percutaneous strategies to treat these diseases. In 
phannacological trcatmcnt of ischemic heart disease the goal is to make blood less coagu- 
lable, inhibit cholesterol accumulation to the vessel wall and to inatease blood flow by ves- 
sel dilation or to reduce oxygen consumption. 

5 

Alternatively the vessel can be treated with percutaneous transluminal angioplasty (balloon 
angioplasty), laser angioplasty, atherectomy, roto-ablation, invasive surgery, thrombolysis 
or a combination of these treatments. The intent of percutaneous methods is to maintain 
patency after an occluded vessel has been re-opened. Angioplasty suffers from two major 

10 problems-abrupt closure and restenosis. Abrupt closure refers to occlusion of a vessel im- 
mediately after or within initial hours of dilation procedure. Restenosis refers to re- 
narrowing of an artery after an initiaUy successful angioplasty. It occurs in 20-40 % of pa- 
tients within the first few months aft^ a successful intervention and is thought to happen 
because of injury the blood vessels during the balloon inflation. When vessel then heals the 

IS smooth muscle cells proliferate faster than endothelial cells narrowing the lumen of the 
blood vessel Qp et al. J. Am, College of Cardiol 1990; 15:1667-1687. Faxonj et al.. Am. 7. 
of Cardiology: 1987;60:SB-9B). The percentage of patients that develop early rest^osis 
after balloon angioplasty can be reduced with stent implantation, in which an intraluminal 
implant such as adjustable stent stmctural supports, tubular grafts or a combination of diem 

20 after doing the angioplasty. However, stents actually increase die amount of late luminal 
narrowing due to intimal hyperplasia, and the overall rate of stent restenosis remains unac- 
ceptably hi^ (Kuntz et al.. Circ, 2000;101: 2130-2133). These devices suffer from both 
thrombosis until they are covered with endothelial cells and bleeding complications post- 
operatively. Because of the risk of thrombosis, anticoagulant therapy is used until the endo- 

25 thelial cell coverage has developed in the stent surface. Endothelial surface does not de- 
velop on tubular grafts in humans. Stents and tubular endovascular grafts can also be used 
to exclude a local vascular dilatation or dissection. 

Hie surgical treatment for cardiovascular disease is to bypass, substitute or reconstruct a 
30 diseased vessel with a native or synthetic vascular graft or patch. 
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All these endovascular and surgical methods are complicated by same problems - trauma 
to the blood vessel endothelium, formation of excessive coraiective tissue and inflanuna- 
tory reaction with following problems with occlusion because of thrombosis or restenosis. 

5 In coronary artery surgery the obstructed vessel is bypassed with an autologous vascular 
graft. The operation is called CABG, which means coronary artery bypass grafting. In pe- 
ripheral artery surgery a native or synthetic graft is usually implanted to bypass an obstruc- 
tion, for example fix>m the groin to the thigh. In some cases arterial segment may alterna- 
tively be replaced with a native or synthetic vascular graft, hi access surgery for dialysis 

10 there is a need for creating an access to clean the blood with the dialysis machine. Usually 
a coimection called fistula is constructed between the upper extremity artery and vein to 
create a high blood flow required for dialysis, btracaidiac patches axe used to repair holes 
in the cardiac septa or wall. Prosthetic vascular patches are used in vascular surgery in sev- 
eral operations, which requires an incision in the wall of the blood vessel, such as throm- 

15 bectomies, endarterectomies, aneurysmal r^>aii8 and vessel zeconstructicms. In percutane- 
ous revascularisation catheters with balloons, stents or stent grafts are used to reduce the 
narrowing or exclude the dilatation or dissection in different anatomical locations such as 
cerebral, coronary, renal, other peripheral arteries and veins, aorta and in vascular grafts. 
Balloon dilatations, stents and stent grafts may also be employed in other sites, such as bil- 

20 iary tree, esophagus, bowels, tracheo-bronchial tree and urinary tract 

All endovascular and surgical devices are complicated by same problems - lack of endo- 
thelial surfaces on the synthetic surface, formation of excessive connective tissue and in- 
flammatory reaction. 

25 

Several strategies have been suggested to improve the patency after vascular interventions 
and implantation of synthetic vascular implants. About 1 600 000 angioplasties are per- 
formed yearly worldwide and stmt is inserted vast in majority of tiiese procedures (8th In- 
ternational drug delivery meeting and cardiovascular course on radiation and molecular 
30 strat^es, Goieva, Switzerland, Feb 1, 2002). The problem with angioplasty or angioplasty 
with following stenting is tiie process of restoiosis. Because of tiie trauma to the vessel an 
excessive connective tissue formation develops leading to narrowing of the vessel lumen in 
20-30 percent of cases after 6 months (Bittl JA: Advances in coronary angioplasty N. Engl 
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/, MecL 1996; 335:1290-1302, Narins C3l, Holmes DR, Topol EJ: A caU for provisional 
stenting: the balloon is back! Circulation 1998; 97:1298-1305). The problem with restaio- 
sis has been well described in the art and several approaches have been described both sci- 
entific literature and patents. Curraitly there is no strategy in the market to reduce resteno- 
5 sis aftOT simple angioplasty without a device inserted When using stent devices after an- 
gioplasty procedure phatmaceutically coated stents have not been evaluated for long term 
effects and there is no verified method in humans which would securely reduce long term 
restenosis rate in stents or stent grafts. The main strategy has been use of various pharma- 
ceutical substances with stents to reduce hyperplasia following the trauma to the tissue 

10 such as rqiamycin, sirolimus, paclitaxel, tacrolimus, dexamethasone, cytochalasine D and 
Actinomycin C. One drawback with the cunent pharmacologically coated devices is the 
possible disqypearance of the effect after the substance has been released from the device 
surface. Furthermore, tfie nature of compoimds eluting at high local concentration into the 
vessel wall and downstream vasculature or tissue is an issue of concern. Another drawb£K;k 

(5 is that none of these substances is naturally occurring in the body and thereafter fail to 
promote natural healing of the foreign body surface. Fot example are paclitaxel and Actin- 
omycin D cytotoxic to the cells. 

In native vessel graft the main problem has been intimal hyperplasia both m the site for 
ZO connection of the graft and the vessel in the specific body location and the intimal hyper- 
plasia in the graft vessel lumen. The same problem of anastomotic hyperplasia exists when 
connecting the native vessel with a synthetic vascular graft. More dian 350000 synthetic 
vascular grafts are implanted each year and numerous synthetic biomaterials have been de- 
veloped as vascular substitutes. As a foreign material, grafts are targets for foreign body 
25 reaction and because of thrombogenicity prone to clot in a hi^er degree than autologous 
material. To overcome thrombogenici^, most ^roaches have concentrated on creating a 
surface that is thrombocesistant, with the majority of these efforts being directed toward an 
improved polymer surface. Studies have demonstrated diat selected matmals, for example 
Dacrcm and ePTFB (expanded polytetrafluorethylene), successfully can be incorporated in 
30 both large and small caliber arteries in animal models ^dcahala, /. Biomater. Appl 1996; 
10:309-29). In humans, Dacron and eFTFE vascular prostheses have met certain clinical 
success in large and middle-sized arterial reconstructions, but are yet not ideal. However, 
the success is limited for vessel substitutes smaller than 6 mm in diameter, due to anasto- 
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mode hyperplasia i.e., the propensity to develop excessive connective tissue growth in the 
area where either two native blood vessels or an synthetic artificial blood vessel and an 
autologous vessel are connected or due to thrombosis (i.e. propensity to develop clots) in 
the open thrombogenic surface (Nojiri, Artif, Organs 1995 Jan; 19 (l):32-8). The autolo- 
gous vein grafts suffer from development of stenosis when implanted in arterial position. 
Gene therapy has been used in prior art to reduce development of restenosis as described in 
patents and scientific literature. Sleeves impregnated with genes have been described and 
used as devices around vascular anastomosis to inhibit hyperplasia (WO 98/20027, WO 
99/55315). The major drawback in these systems is the cumbersome use of the sleeve and 
the used substances are growth factors or encoding for a growth factor. Furthermore, stud- 
ies with thrombogenicity of the implant have been reduced by modifying implant mat^als 
or to add chemical compounds to the grafts (e.g. U.S. 5,744415). The substance mostly 
used has been heparin, which eidier is bound to the graft, or is given with a local drug de- 
livery device. 

Li humans flow surface of foreign implants remains uncovered with oidothelial cells ex- 
cept for some case reprots (Wu, /. Vasa Surg, 1995 May; 21(5):862-7, Guidon, Biomate- 
rials 1993 Jul; 14(9);678-93). In animals, completG endothelialisation of the vascular graft 
has been shown to occur in 2-4 weeks depending on species. This period without endothe- 
lial surface may result in undesired effects and problems due to e.g. thrombogenicity of the 
surface. The lack of endothelial surface has led to inferior performance of synthetic grafts 
compared to autologous grafts (Nojiri, Artif, Organs 1995 Jan;19 (l):32-8). Berger, Amu of 
Surg. 1972; 175 (l):lI8-27, Sauvage). Autologous grafts, on the other hand, comprise a 
step for the harvesting thereof, which leads to longer operation times and also possible 
complications in the harvesting area. Transposition of omentum with uncompromised vas- 
culature around a porous carotid artery FTFB graft has been demonstrated to increase endo- 
thelial cell coverage in the graft lumen in dogs (Hazama, J. of Surg. Res. 1999; 81; 174- 
180), however, ^tailing problems with a cumbeisome and complex procedure, such as 
discussed above. Further, grafts have been seeded with endothelial cells, and sodded with 
endothelial cdls or bone marrow (Noishiki, Artif. Organs 1998 Jan; 22(1): 50-62, Williams 
& Jaxrel, Nitt Medicine 1996;2: 32-34). In cell seeding, endoflielial cells are mixed with 
blood or plasma after harvesting and then added to the graft surface during the pteclotdng 
period. The radothelial cells used in these nsethods may be derived from microvascular 
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(fat), macrovascular (for example ftom harvested veins), or mesottelial souices, wheieby 
the graft later on is inq>lanted. More specifically, these methods comprise several steps, in- 
cluding harvesting of the tissue with endothelial cells, separation of endothelial cells, in 
some cases a culture of endothelial cells, seeding of endothelial cells on the graft materials 
and finally inq>lanting the graft. Accordingly, a substantial drawback with these mediods is 
that they are time consuming and cumbersome in practice, and they also require a specific 
expertise m the area as well as the suitable equipment Furthermore, such seeded endothe- 
lial cells have been genetically engineered, with various results: transduction of the cells 
with tissue plasminogen activator (tPA) decreases endothelial cell adhesion to the graft sur- 
face, and transfection with retrovirus reduces endothelialisation. In order to improve ceD 
seeding, vascular endothelial growth factor (VEGF) transfected endothelial cells or fat cells 
have been used In addition to tiie drawbacks discussed above, this method is even more 
cumbwsome and thMefore costly to be useful in practice. A method to transduce endothe- 
lial progenitor cells and then re-administ^ them has been described. However, the prob- 
Ictqs are still as motioned above. In order to improve the technology for endothelial cell 
growth on a surface, ligand tieatmrat of graft surfaces has been suggested. Li cell sodding, 
endothelial cells axe administmd direcdy on the polymeric graft surface after harvesting, 
whereby the graft is implanted, but this technique also includes several steps as mentioned 
above, which makes it cumbersome as well. Also, tissue engineering, which is also a com- 
plex and therefore costiy procedure, has beoa used in ordor to construct vascular tissues for 
implantation. Gene technological platform widi angiogenetic factors has been suggested to 
induce endotheHal surfaces (PCT/SE 00/02460). Drawback here is that the use of growth 
factor stimulating effect of growth factors on cells could cause uncontrollably connective 
tissue growth. Arterial homografts have been described, but they give rise to problems re- 
garding arterial preservation and antigenicity. 

Further, woridwide 1 600 000 stenting procedures are performed in the yearly with in aver- 
age 1,7 stents per patirat Stents, i.e. relatively simple devices of fine network structures, 
arc well known in the art. Stenting for vessel obstruction is usually combined with opening 
of the artery by dilatation, ablation, atherectomy or laser treatment These interventions 
cause trauma and tissue injury to the vessel wall with disruption of the endothelial cell lin- 
ing. Usually, stents are composed of network of some material, usually stainless steel, 
which is CTtered to the diseased area usuaUy percutaneously with a cathet^. Stents are of 
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different designs for example, self-deployabk/ pressure expandable, tubular/ conical/ bi- 
furcated, permanent/ temporary, nondegradable/ biodegradable, metal/ polymeric material, 
wifli or without pharmaceutical compound. They are implanted m a blood vessd in differ- 
ent anatomical locations such as cerebral, ccaronary, renal, other penphmH arteries and 
veins, and aorta. Stents may also be used in other locations such as biliary tree, esophagus, 
bowels, tracheo-bronchial tree and graiitourinary tract. Stents may be used for example to 
treat stenoses, strictures or aneurysms. Stents characteristically have an open mesh con- 
struction, or otherwise are formed with multiple openings to facilitate the radial enlarge- 
ments and reductions and to allow tissue ingrowth of the device structure. After the vessel 
dilatation stents have been associated with subacute thrombosis and neointimal thickening 
leading to obstruction. Before the stent era balloon dilatations alone were used to relieve 
vessel narrowing. A balloon with hydrogel for delivery of naked DNA coding for VEGF 
has been described (Riessen, Human Gene Therapy 1993, 4:749-758). U.S. patent 
5,830,879, and van BeUe /. Am, Coll of Cardiol 1997;29: 1371-9) describes also VEGF 
plasmid being attached to the balloon with simultaneous deployment of endovascular stent 
to induce vessel healing and reduce restenosis. Also, a balloon with hydrogel and gene for 
drug delivery (5,674,192, Sahatjian et al.) has been described. Catheters have been used to 
deliver angiogenic pq>tides, liposomes and viruses with encoding gene to the vascular wall 
(WO 95/25807, U.S. 5,833,651 as above). Catheters have also been used to delivCT VEGF 
protein in order to provide a faster endothelialization of stents (van Belle, Circ. 1997:95 
438-448). Further, stent for gene delivery (U.S. 5,843,089, Klughra: BD et al.. Nat bio- 
technology 20Q0;18: 1 181-84) and a stent for viral gene delivery (Rajasubramanian, ASAIO 
J 1994; 40: M584-89, U.S. 5,833,651) have been described. Endothelial cell seeding on the 
stent has been used as a method to deliver recombinant protein to the vascular wall, in or- 
der to overcome thrombosis, but as mentioned above, this technology is cumbersome and 
thmf ore costly. 

Strait grafts, also referred to as covered stents, are well known in the art. Such stents are a 
combination of two parts, namely a stent portion and a graft portion. In a stent gndl, a 
conqiliant graft is coupled to a radially expandable stent Stent grafts arc considered to be 
usable, by forming a complete barrier betwera (he stent and the blood flow through the 
vessel. Ihe graft may sMve as a biologically compatible inner covering, by preventing tur- 
bul^t blood flow over the wire members or other structural materials of which the stent is 
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fanned, by preventing thrombotic or immunologic reactions to the metal or to other mate- 
rials of which the stent is made, and by fonning a baixier to separate a diseased or damaged 
segment of the blood vessel &om the blood-flow passing there. In humans, the main prob- 
lem with stent grafts is the formation of neointinial thickening and lack of complete endo- 
5 thelialisation leading to occlusion, as discussed above in relation to grafts. Stent grafts may 
be used in aorta, cerebral, coronary, renal, other peripheral arteries and veins, and aoita. 
Experimental studies have shown that vascular injuries, that arises when the endovascular 
device is delivered, induces inflammation, local expression and release of mitogens and 
chemotactic factors, which mediates neointimal lesion formation. Stent grafts may also be 
10 used in other locations such as biliary tree, esophagus, bowels, tracheobronchial tree and 
genitourinary tract. 

Thus, at the moment, there is a great need and interest in inhibiting the intimal hyperplasia 
in the site for the tissue trauma, in the area of device implantation, in the vascular connec- 
15 tion site or in a native grafL Also, at the moment, thm is a great need and interest to im- 
prove the endothelialisation and graft healing in clinical practice. Hbweva, hitherto, no 
such method that works in practice has yet been developed. 

Yearly, about 100000 heart valve replacement operations are performed Heart valve pros- 
20 thesises are well known in the art Thssso are of four types of grafts: synthetic grafts, xeno- 
grafts, allografts and autografts. Xenografts are usually preserved pericardial and porcine 
valves e.g. Carpentier-Edwards, lonescu-Shiley, Hancock, Pericarbon or stentless valves. 
Biological degeneration is a major concern in bioprosdietic valves. Degeneration is charac- 
terised by disruption of endothelial cell barrier and lack of endothelialisation, increased 
25 permeability leading to eased diffusion of circulating host plasma proteins into valve tissue, 
and increased activity of infiltration processes e.g. calcification and lipid accumulation, and 
biodegradation of the collagen framework. Also a mild to moderate infiltration of inflam- 
matory cells has been described and studies have shown either no (Isomura J, Cardiovasa 
Surg. 1986, 27:307-15) or scarce growth of endothelium on bioprosthetic valve surface 
30 (Ishihara, Anu J, Card 1981 :48, 443-454) after one year. Changing the method of preserva- 
tion, neutralisation of glutaraldehyde preservative and pre-endotfielialisation of biopros- 
thetic valves has been suggested to improve valve performance. Some studies have been 
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nuide on endothelial seeding in this context, but it is clinically cumbersome due to the 
many steps lequiied, as described above. 

As mentioned above, implantable devices are also used in other fields than the cardiovas- 
cular. Various implantable devices have been described, such as for structural support, 
functional support, drug delivery, gene ther^y, and cell encapsulation purposes. A variety 
of devices, which protect tissues or cells producing a selected product from the immune 
system have been explored for implant in a body, such as extravascular difftision chambers, 
intravascular diffusion chambers, intravascular ultrafiltmtion chambers, and microencapsu- 
lated cells. However, when foreign biomaterials are implanted, an inflammatory foreign 
body reaction starts, which in the end encqisulates the device, and inhibits diffusion of nu- 
tritive substances to the cells inside the semipermeable mmilMne. The zone is non- 
vascular. The lack of vascularity is an obstacle for diffusion of substances. It decreases 
long-term viability of the encapsulated endocrine tissue, and it also makes vascular hn- 
plants more susceptible to infections. The fibrotic capsule without vascularity can also 
limit the device performance. In U.S. 5,882^54. a diamber holding living cells comprises 
two zones that by an unknown mechanism prevents the invasion of cormective tissue and 
increases the close vascularisation of the implant 

Some other materials used in the procedure of implanted devices also encounter similar 
problems as the ones discussed above. For example, suture materials can be mentioned, 
which materials are used for repair, fixation and/or approximation of body tissues during 
surgical procedures. Strict requirements exist for sutures for attachment of prosthetic de- 
vices or implants regarding strength, biocompatibility and biodegradability. 

To summarise, the major drawbacks m this field is tiie development of excessive connec- 
tive tissue afta: endovascular and surgical procedures. For exan^>le, afto: balloon dilatation 
procedure the result is excessive connective tissue growth with following complications. 
Also, in tfie autologous vascular grafts excessive connective growth causes narrowing. In 
vascular surgical procedures with or without implanted devices the excessive connective 
tissue fomiation in tiie anastomotic areas leads to narrowing of the vessel connection with 
limitation to the flow and following dysfunction in the organ supplied by that vessel. Li 
vascular implants, when synthetic materials are used, problems also arise due to open 
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Lhionibotic surfaces where the implant is planned, which in turn generate bloo^ clotting 
and inferior performance. In synthetic tissue implants, the consequence is a non- 
vascularised fibrotic non-nutritive zone, which leads to dysfunction of the im pT fuit This 
together with the inflammatory reaction causes that biocompatibility of die mammalian 
5 body, especiaDy the human body, widi implanted medical devices caimot be achieved in 
any satisfactory degree using the prior ait methods. 

Patent EP1016726 describes use of angiogenetic proteins and genes, such as growth factors 
(e.g. VEGF) or other genes (e.g. NOS) to create endothelial surfaces after vessel damage 
10 and when insetting a stent 

Patent EP1153129 describes use of oligosense nucleotides to inhibit restenosis. 

Extracellular superoxide dismutase (EC-SOD) is a secreted antioxidative enzyme, which is 
15 widely expressed throu^out the body and is the major SOD isoenzyme in plasma. Vessel 
walls, lung, kidney, thyroid gland and epidymis are shown to be die primary expression 
sites for EC-SOD. 

Patent BS2004687 describes the sequence of EC-SOD. Articles by li et al. describe use of 
20 EC-SOD in myocardial protection ((jene thers^ with extracellular superoxide dismutase 
attenuates myocardial stunning in conscious rabbits. Circulation 1998;98:1438-1448, and 
Gene therapy with extracellular superoxide dismutase protects conscious rabbits agtinst 
myocardial infarction. Circulation. 2001;103: 1893-1898). 

25 Summary of the invention 

ITie object of the present invention is to provide a solution to the aforementioned problems. 
More specifically, one object of the invention is to provide use for a polypeptide or gene 
transfix product leading to production of extracellular superoxide dismutase (EC-SOD) 
protein to reduce ccHmective tissue hyperplasia and restenosis after intervention such as an- 
}0 gioplasty. Another object of the invention is to provide use for a polypeptide or gene trans- 
fix product leading to production of extracellular superoxide dismutase (EC-SOD) protein 
to reduce connective tissue hyperplasia in autologous or allogenous grafts. Another object 
of the invention is to provide use for polypeptide or gene transfer product leading to pro- 
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duction of extracellular superoxide dismutase ^C-SOD) protein chat reduces connective 
tissue teaction, restenosis and provides endotfaelialisadon of the inq^lants. Anoth^ object 
of invention is to provide use for a polypeptide or gene transfer product leading to produc- 
tion of extracellular superoxide dismutase (EC-SOD) protein that reduces fibrosis both in 
biological tissues, biological tissue transplants and tissues surrounding the sjmthetic im- 
plants. Another object of the invention is to provide uses for substances that modulate the 
expression of a gene and production of the protein in order to reduce restenosis and fibitn 
sis. Another objective is to provide use for said gene transfer product in inflammatory vas- 
cular and non-vascular disease. Another object of the invention is to provide a medical de- 
vice, which solves the problems of traumatised vascular tissue reaction resulting in connec- 
tive tissue hyperplasia. AtK>ther object of the present invention is to provide a medical de- 
vice, which solves the problem with thrombogenic medical implant surfaces resulting in 
occlusion and other problems. Another object of flie present invention is to provide a medi- 
cal device, which is less cumbersome to use in practice than prior art methods for reducing 
restenosis or otherwise improving the biocompatibility between foreign fnj»ti*iiai^ and the 
recipimt or host thereof. Another object of the invention is to provide a medical device 
useful in vascular interventions, which entails less risk of being narrowed because of tissue 
hyperplasia or occluded and reoccluded than hitherto known devices. Yet another object of 
the invention is to provide a device useful in measurement and control of metabolic func- 
tions that is better accepted and maintained in the human or animal body than prior art de- 
vices. 

Some of die given objects are achieved by administering systemically a protein or gene en- 
coding a translational or transcriptional product being capable of reducing coimective tis- 
sue formation, inflanunatory reaction and promoting endothelialisation. Some of the given 
objects are achieved by administering locally a protein or gene encoding a translational or 
transcriptional product being capable of leading to production of extracellular superoxide 
dismutase (EC-SOD) protein, capable of reducing connective tissue formation, inflamma- 
toiy reaction and promoting endothelialisation. Some of the above given objects and oth^ 
are according to the present invention achieved by providing a medical device witfi im- 
proved biological properties for an at least partial ccmtact with blood, bodily fluids and/or 
tissues when introduced in a manrnialian body. Said device comprises a core and a nuclric 
acid present in a biologically compatible mediuin and is characterised in that said nucleic 
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acid encodes a translation or transcription product leading to production of extracellular 
superoxide dismutase (EC-SOD) protein capable of reducing connective tissue formation 
and promoting endothelialisadon in vivo at least paitially on a synthetic surface of said 
core. 

5 

In some embodiments, the polypeptide is EC-SOD. 

in another embodiments, the nucleic acid encodes EC-SOD protein or polypeptide. 

10 The nucleic acid is present in the biologically compatible medium in naked form, in a viral 
vector, such as retrovirus, Sendai virus, lenti vims, adeno associated virus, and adenovirus, 
or in a liposome or is an artificial chromosome. 

In another embodiment the nucleic add is administered systemically. 

15 

In another embodhnent the nucleic acid is administered locally in the vessel wall. 

In another embodiment the nucldc add is administeied locally in the tissvc surrounding a 
device. 

20 

In another embodiment, the biologically compatible medium is a biostable polymer, a 
bioabsorbable polymer, a biomolecule, a hydrogel polymer or fibrin. 

In one advantageous embodiment, the nucleic acid is present in a reservoir separate firom 
25 said core enabling a successive delivery thereof to a mammalian body. 

In an alternative embodiment, the nucldc acid has been attached to the core by ionic or co- 
valent bonding. 

30 The synthetic surface is either non^^rous or porous, in which case it allows capillary and 
oidothelial cell growth ttirough pores. Ptefraably, the porosity is from about 0 |jun to about 
2000 )im. 
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The piesent gene transfer product can be used in several different contexts to reduce con- 
nective tissue formation e.g. in connection to interventional procedures, implanting a native 
graft or implanting a medical implant 

The piesent device is useful in a wide variety of contexts, and may e.g. be a cardiovascular 
implant, such as an artificial part of a blood vessel, or an endovascular implant In genial 
terms, the present device may be used as an implant used for replacement of part of a 
manunalian body, where said implant is adapted for an at least paitial contact with blood, 
bodily fluids and/or tissues. Further, the present device is useful as a tissue implant or a 
biosensor. PrefCTibly, the device is selected from the group consisting of vascular grafts, 
stents, covered stents, graft connectors and biosensors* 

The present invention also relates to a method of producing a medical device according to 
the invention. 

Further, the invention relates to methods of reducing connective tissue hyperplasia in 
mamxnalian body after an intervention or ttauma which method comprises introducing the 
nucleic acid systemically to the mammalian body. The invention also relates to the method 
of introducing nucleic acid to autologous or allogenic graft in a biologically compatible 
medium, said administration of nucleic acid being performed before, simultaneously as or 
after the introduction of the device in the body. The invention also relates to the method of 
introducing a device comprising a an autologous, allogenic and xenogenic synthetic surface 
in the body with an at least partial contact with blood, bodily fluids and/or tissues and ad- 
ministering a nucleic acid piesent in a biologically compatible medium to the surroundings 
thereof. The method is characterised in that the nucleic acid encodes or increases expres- 
sion of a translation or transcription product of EC-SOD capable of reducing connective 
tissue growth and inflammatory reaction and promoting endothelialisation and biocompati- 
bility in vivo at least partially on said synthetic surface, said administration of nucldc acid 
being performed before, simultaneously as or after the introduction of the device in the 
body. 

According to a furth^ aspect of die invention, an use of EC-SOD gene/cDNA or EC-SOD 
protdLn is provided for the manufacture of a medicament for the treating of conditions 
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caused by damage due to vascular manipulations, such as restenosis or blood vessel thick- 
ening. 

Further details regarding the method of treatment are disclosed below and in the appended 
claims. Hie method may include administering of the nucleic acid at least once, depending 
on the case in question. 

Brief description of the figure 

Fig. 1 shows the histological analysis of serial sections from abdominal aorta two weeks 
after gene^NA transfer. 

Definitioiis 

Below, explanations are provided as to the meaning of some of the terms used in the pre- 
sent specification. Terms that are not specifically defined herein are to be interpreted by the 
general understanding thereof within the relevant technical field. 

It must be noted that as used in this specification and the apprndsd claims, the singular 
forms "a", "an", and '*tte" include plural referents unless the context clearly dictates oth- 
erwise 

A "restenosis" is here referred to as growth of connective tissue aftec perfonning a dilating 
procedure with or without an implant leading to connective tissue growth in the tubular 
structure with following narrowing of the tubular structure. The connective tissue growth 
may occur at any site in the body leading to narrowing of the tubular structure. The connec- 
tive tissue growth comprises of either increase in some cell type in the area or increase in 
the volume or the constitutients of extracellular matrix. 

A "fibrosis" is here referred to as growth of connective tissue and formation of an aceUular 
or avascular layer either in an allogenic, autologous or xraog^c biological implant or 
around a synthetic implant 

'Hyperplastic connective tissue reaction" here defines die reaction leading to an inoease of 
numbCT of connective tissue cells and/or an inoease in the volume of extracellular matrix 
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in the tissue, excluding tumour fonnation, wheieby the bulk of the connective tissue may 
be increased. 

"Restenosis" and '^fibrosis" may be used interchangeably if not specified in another way. 

A "medical implant" is here referred to as an implant, a device, scaffold or prosthesis, and 
is understood as an object that is fabricated for being implanted at least partly in a mam- 
malian. It is intended to be in cx>ntacl with bodily tissues and fluids providing at least one 
contacting surface towards the bodily tissues or fluids. A cardiovascular implant is here re- 
ferxed to an implant in a circulatoiy system, or an implant being connected with the blood- 
flow, if not specified in any other way. A tissue inq)Iant is here referred to as an implant 
implanted in other bodily tissues or fluids, if not specified in any oth^ way. F6r example, a 
medical implant may be an ixnplantable prosthetic device, and more particularly a cardio- 
vascular implant or a tissue implant, as well as a blood-contacting medical implant, a tis- 
sue-contacting medical implant, a bodily fluid-contacting medical implant, an implantable 
medical device, an extracorporeal medical device, an artificial heart, a cardiac assist device, 
an endoprosthesis medical device, a vascular graft, a stent graft, a heart valve, a cardiovas- 
cular patch, a temporary intravascular implant, an annuloplasty ring, a catheter, a pace- 
maker lead, a biosensor, a chamber for holding living cells, an organ implant, or a bioartifi- 
cial organ. 

An "attached transferable nucleic acid segment" referred to here, represent the wide variety 
of genetic material, which can be transferred to the tissues surrounding the medical im- 
plant. For example, a nucleic acid segment may be a double or single stranded DNA, or it 
may also be RNA, such as mRNA, tRNA or rRNA, encoding a protein or polypeptide. Op- 
tionally the nucleic acid may be in the form of anti-sense. Suitable nucleic acid segments 
may be in any fomo, such as naked DNA or RNA, including linear nucleic acid molecules 
andplasmids, or as a functional msert within the genomes of various recombinant vinxses, 
such as DNA viruses or retrovimses. The nucleic add segment may also be incorpoiated in 
other earners, such as salts, polymers, liposomes or other viral stmctures. The attached 
transferable nucleic acid segmrat is attached to the medical iiiq>lant in such a way, that it 
can be delivered to and taken up by the surrounding tissues. 
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The term ^'attached" refers to adsorption, such as physisoiption, chemisorption, 
ligand/ieceptor interaction, covalent bonding, hydrogen bonding, or ionic bonding of the 
chemical substance at biomolecule, such as a polymeric substance, fibrin or nucleic acid to 
the implant 

A "surrounding tissue" here refers to any or all cells, which have the capacity to form or 
contribute to the formation of hypoplastic connective tissue or fibrotic reaction of the im- 
plant surface. Surrounding tissue also refers to any or all cells that have the capacity to 
form or contribute to the formation of endothelialised surfaces either on biological or syn- 
thetic surfaces. This includes various tissues, such as fat, omentum, pleura, pericardium, 
peritoneum muscle, vessel wall, and fibrous tissue, but the particular type of surrounding 
tissue is not in^)ortant as long as the cells are activated in a way that ultimately gives rise to 
the formation of hypoplastic connective tissue in the of the implant "Surrounding tissue" 
is also used to refer to tiiose cells that are located within (excluding cells in tissue cham- 
bers), are in contact with, or migrate towards the implant Also, cells tiiat upon stimulation 
further attract hyperplastic connective tissue cells or endothelial cells are considered to be 
surrounding tissue, as well as cells or tissues that arrive to the active site of cardiovascular 
implant connective tissue hyperplasia, tissue implant fibrosis or endotiielialisation. '*Sur- 
rounding tissue*' is also used to refer to inflammatory cells that are eittier present at the im- 
plant area or arrive at the perigraft arear after implantation of the inqilant 

An "endothelium" is a single layer of flattened endothelial cells, which are joined edge-to- 
edge forming a membrane covering the mner surface of blood vessels, heart and lymphat- 
ics. 

'*Endotiielialisation" is here refened to the growth of endothelial cells on all mammalian 
tissue or fluid contacting surfaces of a biomaterial, that is used to form a porous or nonp)or- 
ous implant Endothelialisation of surfaces can occur via longitudinal growth, ingrowth of 
capillaries and/or c^illary endoAelial cells through tiie pores in the implants, or seeding of 
circulating endothelial ceDs or endothelial piecursca' cells. In this disclosure, it will be used 
interchangeably with the phrase "capllary endothelialisation", to refer to the growth of en- 
dothelial cells on substantiaUy all tissue contacting surfaces of a biomaterial, that is used to 
form a porous or nonporous inxplant, unless otherwise specified. 
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The teems "capillarisation" and '*vasciilarisation" aie heie understood as the fonnation of 
capillaries and micucxdruulation on the implant sutface, and they will be used interchangea- 
bly with endothelialisation, unless otherwise specified. 

"Angiogenesis" and reflections thereof, such as "angiogenic", are here referred to forma- 
tion and growth of endothelial cells in the existing mammalian tissue, such as in the sur- 
rounding tissue. 

A translational or a transcriptional pioduct having "the potential to prevent restenosis and 
incieaae endothelialisation" of the medical implant, is here understood as a chemical sub- 
stance or biomolecule, preferably a hormone, a receptor or a protein, which, as a result of 
its activity, can reduce formation of excessive connective tissue and induce endothelialisa- 
tion or capiUarisatian of the medical implant 

*Torosity" and reflections thereof, such as ''pores'* and **porous". are here referred, if not 
otherwise specified, to a biomaterial having small channels or passages, which start at a 
first surface and extend substantially through to a second surface of the biomaterial. 

"Surface" refers to the interface between the biomaterial and its environment. It is intended 
to include the use of the word in both its macroscc^c sense (e.g. two major faces of a sheet 
of biomaterial), as well as in its microscopic sense (e.g. lining of poxes traversing the mate- 
rial). 

The term compartment refers to any suitable compartm^t, such as for example a vial or a 
package. 

Detailed description of the invration 

In a first aspect, the present invention relates to administration of a protein or nucleic acid 
in a biologically compatible medium to a mammalian body, characterised in that said nu- 
cleic add encodes a translational or transcriptional product leading to production of ex- 
tracellular superoxide dismutase (EC-SOD) protdn capable of reducing hyperplastic con- 
nective tissue growth in vivo. 
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Iq another aspect, the present invention relates to administration of nucleic acid in a bio- 
logically conq)atible medium to an autologous or allogenous graft, characterised in that 
said nucleic acid encodes a translational or transcriptional product leading to production of 
extraceUular supaoxide dismutase OEC-SOD) protein capable of reducing hyperplastic 
connective tissue growth in vivo. 

In another aspect, the present invention relates to administration of nucleic acid in a bio- 
logically compatible medium and an implant, characterised that said die nucleic acid en- 
codes a translational or transcriptional product leading to production of extracellular super- 
oxide dismutase (EC-SOD) protein capable of reducing hyperplastic connective tissue 
growth in vivo in the tissue surrounding the implant 

Extracellular superoxide dismutase (EC-SOD) is secreted antioxidative enzyme, which is 
widely expressed throughout the body and is the major SOD isoenzyme in plasma. Vessel 
walls, lung, kidney, thyroid gland and epidymis are shown to be the primary expression 
sites for EC-SOD. About 50 % of total SOD amount in human aorta is EC-SOD. In most 
tissues EC-SOD represents only a minor part of the total SOD activity, which suggests fliat 
EC-SOD has a significant physiological role in the redox balance of the vascular wall. 
Adenovirus mediated EC-SOD gcoe/cDNA transfiex resulted in a significant inhibition of 
neointima formation in rabbit aortas after balloon denudation (see example and Hg. 1). The 
therapeutic effect was affecting the whole abdominal aorta, suggesting a systemic effect. 
EC-SOD appears to be an efiScient therapeutic molecule to prevrat restenosis. 

In another aspect, the present invention relates to a medical device with improved biologi- 
cal properties for an at least partial contact with blood, bodily fluids and/or tissues when 
introduced in a mammalian body, which device comprises a core and a nucleic acid present 
in a biologically compatible medium, characterised in diat said nucleic acid encodes a 
translation or transcription product capable of reducing hyperplastic connective tissue reac- 
tion and promoting endothelialisation in vivo at least partially on a synflietic surface of said 
core. The nucleic add is provided in a way whereby transfer diereof into cells of tissue sur- 
rounding die implant is allowed. In the present specification, it is to be understood tfiat die 
term "introduced in a mammali an bod/' is used in a broad sense to encoinpass both de- 
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vices that axe totally included in a body and devices which are only in part intnxluced, but 
wherein at least one surface made from a synthetic material is in contact with blood, bodily 
fluids and/or tissues of said body. 

The reduction of hyperplastic connective tissue growth and induction of endothelialisation 
achieved according to the invention offers many of the advantages of a native structutes. 
Connective tissue hypeiplasia comprises of proliferation of cells in the respective tissue 
and production of extracellular matrix. Endothelium is a single layer of flattened cells, 
which aie joined edge to edge forming a membrane of ceUs covering the inner surface of 
blood vessels, heart and lymphatics. In theory, endothelialisation of the graft can occur ei- 
ther via longitudinal growth fram'the anastomosis area (transanastomotic), ingrowth of 
capillaiies and/or capillary endothelial ceUs through the synthetic surface, such as a graft 
wall, and into porosities (tiansintmtitial), or seeding of circulating endotiielial precursor 
cells. In the transinterstitial migration through die pores, the endothelial cdls odgiiiate 
from capilianes through attachment, spreading, inward migration and prolif^raration. 

Thus, ewm though efforts have bera made in the prior art to avoid restenosis and the result- 
ing narrowing of biological tubular stmctures and cormections between polymeric surbces 
and bodies own vessels, such efforts have not proved satisfactory with smaller vessels, 
wherein hyperplasia and thrombosis have caused substantial problems. Also, several elSbrts 
have been made in prior art to reduce thrombogenicity without result. Surprisingly, the pre- 
sent invention provides a gene transfer product, which reduces restenosis in biological tis- 
sues such as blood vessels after an interventional procedure, and the present invention also 
provides a novel device, which is protected from restenosis. The present invention provides 
a versatile technology useful with a large range of implants, and surprisingly also efficient 
with small size synthetic vessel sections and intravascular im plj i ntg that have previously 
been known to develop coimective tissue hyperplasia and occlude. The reduction in 
restenosis achieved according to the invmtion has not been observed to form m humans in 
long term studies according to the prior art The present invention also provides a gene 
transfer product which increases endothelialisation in traumatatised tissues and on implant 
surfaces. 
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In one embodiment the nucleic acid is given systemically and the elevated levels of EC- 
SOD in blood diculation cause the reduction in restenosis and the increase in endotheliali- 
satibn. 

In one embodiment of the device according to the invention, the nucleic acid is present in 
the biologically compatible medium associated with adenovirus. EC-SOD has not been de- 
scribed to be used to inhibit restenosis. In an alternative embodiment, the nucleic acid has 
been introduced in another viral vector selected ficom the group consisting of retrovirus, 
lentivirus, Sendai virus and adeno-associated virus. In another embodiment the nucleic add 
is present as naked DNA. In yet another embodiment, the nucleic acid is present in a lipo- 
some. 

The use of gpne transfer has been postulated for the treatment or prevention of diseases in 
sevml publications. Gene therapy entails the use of gmetic material as the pharmacologi- 
cal agent While originally recognised as a means for treating h»:editary diseases, gene 
therapy is now understood as a powerful tool for delivering therapeutic niRNA or proteins 
for local and/or systemic use. There are two approaches in gene therapy: ex vivo and in 
vivo. In the cx vrvo approach, cells removed from the host are genetically modified in vitro 
before they are returned to the host, and in the w vivo approach the genetic information it- 
self is transferred directly to the host without employing any cells as a vehicle for transfer. 
The gene can be targeted depending on where they are needed, either in stem cells or in 
situ. The principle for gene therapy is that the cell functions are regulated through the al- 
teration of the transcription of genes and the production of a gene transcription product, 
such as a polynucleotide or a polypeptide. The polynucleotide or the polypeptide then in- 
teracts with other cells to regulate the function of that cell. This transcription change is ac- 
con^lished with gene transfer. Losordo et al. Circulation 1994, 89:785-792 have shown 
that gene products that are secreted may have profound biological effects even when the 
numb^ of transduced cells remains low in contrast to genes that do not encode a secretory 
signal. Fbr gpnes expressing an intracellular gpaie product a much larg^ cell population 
mi^t be required for that intracellular gene product to express its biological efifects and 
subsequaitly more efficient transfection may be required (Isner et al.. Circulation, 1995, 
91:2687-2692). To illustrate the use of gene dierapy this far, genes have e.g. been trans- 
femd to adipocytes having a particular utility with respect to diseases or conditions that 
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can be treated diiecUy by »i vfvo gene transfer to adipocytes. Transfer of nucleic adds into 
bone tissue has been shown in situ and the use of infected mesothelium either in situ or af- 
ter isolation as ther^utic resource has also been described. 

5 An extremely wide variety of genetic materials can be transferred to the surrounding tissues 
using the compositions and methods of invention. For example, the nucleic acid may be 
DNA (double or single stranded) or RNA (e.g. mRNA, tRNA, rRNA). It may also be a 
coding nucleic acid, i.e. one that encodes a protein or a polypeptide, or it may be an anti- 
sense nucleic acid molecule, such as anti-sense RNA or DNA, that may function to disrupt 

10 gene expression. Alternatively, it may be an artificial chromosome. Thus, the nucleic acids 
may be genomic sequences, including exons or introns alone, or exons and inttons, or cod- 
ing DNA regions, or any construct that one desires to transfer to the tissue surrounding the 
prosthesis to reduce restenosis, fibrosis and inflammation or promote endofhelialisation. 
Suitable nucleic adds may also be virtoaUy any fonn, such as naked DNA or RNA, includ- 

15 ing linear nucleic add molecules and plasmids, or a functional msest within the genomes of 
various recombinant virases, including viruses with DNA genomes, and retroviruses. The 
nucleic add may also be incorporated in other caniers, such as liposomes and other viral 
structures. The nucleic add backbone may also be altered or replaced in order to modify 
the properties such as stability or transfection efficacy. 

>0 

Chemical, physical, and viral mediated mechanisms are used for gene transfer. Several dif- 
ferent vehicles are employed in gene transfer. 'Hiere are a number of viruses, live or inac- 
tive» including recombinant viruses, that can be used to deliver a nucleic acid to the tissues, 
such as retroviruses, lentivirus, adenoviruses (e.g. U.S. 5,882,887, U.S. 5,880,102) and 

>5 hemagglutinating viruses of Japan (HVJ or Sendai virus) (U.S. 5,833,651). Retroviruses 
have several drawbacks in vivo which limit their usefulness. They provide a stable gene 
transfer, but current retroviruses are unable to transduce nonreplicating cells. The potential 
hazards of tiansg^e incorporation into the host DNA are not warranted if short-tam gene 
transfer is sufBdetit Replication defidt adenoviruses are highly efSdent and are used in a 

$0 wide variety of applications. The adenovirus enters the cell easily through receptor interac- 
tions, which has been used as a means for transporting macromolecules into the celL Non- 
viral nucldc adds can be packaged witiiin the adenovirus, dtber as a substitute for, or in 
addition to normal adenoviral components. Non-viral nucleic adds can also be eitiier 
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linked to the surface of the adenovinis or in a bystander process co-intemalised and taken 
along as a cargo in the receptor-endosome con:iplex. Adenoviius-based gene transfer does 
not lesult in integration of the transgene into the host genome, and is therefore not stable. It 
also transfects nonreplicable cells, which makes adenovirus as an effective vector. Other 
5 examples of used viral vectors are adeno-associated viruses (AAV), herpes viruses, vac- 
cinia viruses, lentivirus, poliovirus, other RNA viruses and influenza virus (Mulligan, Sci- 
ence 1993; 260: 926-32; Rowland, Ann Thorac Surgery 1995. 60:721-728). DNA can also 
be coupled to other types of ligands promoting its uptake and inhibiting its degradation 
(e.g. 5,972.900. 5,166.320, 5,354,844, 5,844.107, 5,972,707) or directing it to nuclear lo- 
10 calisadon (Luo & Saltzman, Nat Biotech; 2000, 18:33-37). Jt can also be coupled to a so- 
called cre-lox system (Sauer & Hraderson. Proc Natl Acad Sci,; 1988. 85:5166). Naked 
DNA can also be given and the empirical experience is consistent with tiliat double stranded 
DNA is minimally immunogenic and is unlikely elicit an immunologic reaction. 

15 Flasmid DNA may be administered eith^ in a simple salt solution referted as naked DNA 
or complexed with a carrier or an adjuvant In the latter case nucleic acids can be com- 
plexed with polycations, proteins or other polymers, dendnmers, incapsulated or associated 
with liposomes, or coated on colloidal particles. The traditional chemical gene transfer 
methods are calcium phosphate co-precipitation, carbohydrates (heparansulfate, chitosan), 

20 poloxamers, PEI, DEAE-dextran, polymers (U.S. 5,972,707), and liposome-mediated 
transfer (for example U.S. 5,855,910, U.S. 5,830,430, U.S. 5.770,220), and the traditional 
physical methods are microinjection, electroporation (U.S. 5,304,120), iontophoresis, a 
combination of iontophoresis and electroporation (U.S. 5,968,006), ultrasound and pressure 
(U.S. 5,922,687) (Luo & Saltzman, Nat Biotech; 2000, 18:33-37, Rowland). Txansfection 

25 efficiency may be improved by any of the known of pharmaceutical measures recognised 
by skilled in the art 

The invention may be employed to promote expression of EC-SOD in tissues surrounding 
an implant, and to impart a certain phenotype, and thereby promote prosdiesis protection 
30 from hypeiplastic connective tissue growth or fibrosis. This expression could be increased 
expression of a gene that is normally expressed G.e. over-expression), or it could be the ex- 
pression of a goie that is not normally associated with tissues surrounding the prosthesis in 
tiieir natural environment Alternatively, the invention may be used to suppress die expres- 
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sion of a gene which nonnally inhibits a gene expression i.e. gene suppression may be a 
way of expressing a gene that encodes a protein that exerts a down-regulatory function. 

Thus, the nucleic add used with the device according to the present invention encode tran- 
5 scription or translation products capable of inhibiting connective tissue hyperplasia and tis- 
sue fibrosis and promoting or stimulating raidothelialisation in vivo, i.e. it is also an an- 
tiiestenotic or angiogenic factor. Thus, in aU embodiments, the nucleic acid encodes an 
EC-SOD protein or polypeptide. 

10 In another embodiment EC-SOD protein may be used to instead of using EC-SOD encod- 
ing genes. It could be given either as a local or systemic Aerapy. 

In another embodiment, the biologically compatible medium is a biostable polymer, a 
bioabsorbable polymer, a biomoleciHe, a hydrogel polymer or fibrin. In a specific embodi- 
15 ment, the medium is a mucin composition. 

The synthetic surface of the device according to the invention may be either non-porous oc 
porous. Thus, porous, as well as nonporous, implant materials may be used to produce the 
device, depending on the implant embodiment For example, graft porosity has been shown 

20 to be of importance in vascular graft endothelialisation in animals (Wesolowsld, Thorac 
Cardiovasc Surgeon 1982;30:196-208, Hara, Am. /. 5ttrg.;1967;113:766-69). In the con- 
text of sutures, porous sutures have been described to promote tissue ingrowth into the su- 
tures or promote endothelialisation of the sutures (U.S. 4,905,367, U.S. 4,355,426). In po- 
rous grafts, such as vascular grafts, capillary and endothelial cell growth is allowed through 

25 pores, and the porosity thereof may be from 0 jim to 2000 \mL 

In one embodiment, the nucleic acid has been attached to the core by ionic or covalent 
bonding. 

30 In one advantageous embodiment, the nucleic add is present in a reservoir separate &om 
said core enabling a successive delivery thereof to a mammalian body. The tissue surround- 
ing an implanted device can e.g. be pleura, pericardium, peritoneum, fasda, tendon, fat, 
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omentum, fibrous, muscle, skin, or any other tissue in which inhibition of hyperplastic 
connective tissue growth, restenosis and fibrosis are required 

Genes expressing anti-restenotic EC-SOD are then attached to the implant or administered 
in the tissue suiroimding the device. The cells in the surrounding tissue become transfected 
and inhibit restenosis and result in reduction of connective tissue growth in the tissue, a 
process that results in less hyperplastic or fibrotic tissue reaction with the earlier described 
advantages of such a tissue. 

The surface of the present device may be treated in a variety of ways, in all or parts thereof, 
e.g. by coating or adding other pharmaceutical substances, as is discussed in more detail 
below in the experimental section in the general disclosure of materials and methods. The 
optimal intemodal distance for PTFE grafts has been approximately 60 um. 

The present device is useful in a wide variety of contexts and depending on the intended 
use, it may be made fiom a biomaterial selected from the group of non-soluble synthetic 
polymers, metals and ceramics with or witiiout modification of the prosthesis surfaces. 

Thus, in one embodiment, the device is an implant made of a biocompatible n\^tt^np\ se- 
lected from the group consisting of metal, titanium, titanium alloys, tin-mckel alloys, shape 
memory alloys, aluminium oxide, platinum, platinum alloys, stainless steel, MP35N, el- 
giloy, steilite, pyrolytic carbon, silver carbon, glassy caibon, polymer, polyamide, polycar- 
bonate, polyether, polyester, polyolefin, polyethylene, polypropylene, polystyrene, polyure- 
thane, polyvinyl chloride, polyvinylpyrrolidone, silicone elastomer, fluoropolymer, poly- 
acrylate, polyisoprene; polytetrafluoretylene, rubber, caramic, hydroxyapatite, human pro- 
tein, human tissue, animal protein, animal tissue, bone, skin, laminin, elastin, fibrin, wood, 
cellulose, compressed carbon and glass. 

Thus, the device may be a medical implant selected fixjm die group consisting of a blood- 
contacting medical implant, a tissue-contacting medical implant, a bodily fluid-contacting 
medical implant, an implantable medical device, an extracorporeal medical device, an 
endoprosthesis medical device, a vascular graft, an endovascular implant, a pacemaker 
lead, a heart valve, temporary, intravascular implant, a catheter, pacCTiaker lead, biosensor 
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or artificial organ. In one specific embodiment, the device is a cardiovascular implant, such 
as an artificial part of a blood vessel, or an endovascular insplant Jn genml teims, the pre- 
sent device may be used as an Implant used for replacement of a part of a mammalian 
body, where said implant is adapted for an at least partial contact with blood, bodily fluids 
and/or tissues. Further, the present device is useful as a tissue implant or a biosensor. In 
alternative embodiments, the present device may be any other bioartificial implant that 
provides a metabolic function to a host, such as a pump for die delivery of insulin or a bio- 
sensor to sense the glucose levels etc. 

In fact, the present device may be virtually any one of a variety of devices, which protect 
tissues or cells producing a selected product from tfie immune system have been explored 
for implant in a body, such as extravascular diffusion chambers, intravascular diffusion 
chambers, intravascular ultrafiltration chambers, and microencapsulated cells. Cells can be 
derived from other species (xenografts), they can be fsxmi the same species but different 
individuals (allografts), sometimes they are previously isolated firom the same individual 
but are modified (autografts) or are of embryonal origin. Bioartificial inq>lants are designed 
to provide a needed metabolic function to a host, either by delivering biologically active 
moieties, such as insulin in diabetes mellitus, or removing harmful substances. Membranes 
can be hydrophobic, such as PTFE and polyprop34ene, or hydrophilic, such as PAN/PVC 
and cuprophane. 

More specifically, implants encompassed by the invention include, but are not limited to, 
cardiovascular devices, such as artificial vascular prosthesis, cardiovascular patches, stent 
grafts, prosthetic valves, artificial hearts, cardiac assist devices, anastomotic devices, graft 
coimectors, aimuloplasty ring, indwelling vascular catfieters, pacemaker wires, anti- 
embolism filters, stents and stent grafts for other indications, and tissue implants, such as 
chambers holding living cells for implantation, biosensors, surgical suture materials, surgi- 
cal nets, pledgets and patches, tracheal caimulas, bioartificial organs, surgical implants, 
plastic surgical implants and orthopedic implants. It is anticipated that the herein described 
procedures may lead to the development of other artificial organs or devices. 

In a second aspect, the mvention provides a method for producing an implantable medical 
device. The device can be formed either by the pretzeating of a Womaterial with genes, and 
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then fabricating the device from the treated biomaterial, or by fust fabricating the device 
and then treating the exposed surfaces of the device. 

In a third aspect, in general terms, the present invention relates to methods for preventing 

5 and treating stenosis, restenosis and promoting endothelialisation and vascularisation. One 
of the methods comprises administering nucleic acid systemically with a composition in a 
manner effective to transfer said nucleic add to a tissue in a manner effective to cause a 
systmdc secretion of the protein inhibiting and inhibiting restenosis formation. The other 
mediods of the invention generally comprise to contact flie tissne, surrounding the vascular 

10 or tissue implant, vnfh a composition conqxrising a nucleic add, in a manner effective to 
transfer said nucleic acid into the tissue, and to inhibit hyperplastic tissue growth and pro- 
mote endodielialisation of the vascular grafts, cardiovascular patches, stent grafts, heart 
valves, indwelling vascular catheters, cardiac assist devices and artifidal hearts, or to pro- 
mote vascularisation of tissue implant surfaces. The tissue may be wrapped around the vas- 

15 cular- or tissue implant - nucleic add composition before implantation to the body. Alter- 
natively, the nucldc add sequence-prosthesis composition may be implanted in the tissues, 
or the nucldc acid may be applied to the implantation site before or after the prostiiesis im- 
plantation, in order to effect, or promote, nuclear add transfer into the surrounding tissues 
in vrvo. In the transferring of nucleic acids into surrounding tissues, the preferred method 

20 involves to first add the genetic material to the tissue compatible medium, to impregnate 
the prosthesis with the nucleic add-medium composition, and then to use the impregnated 
prosthesis to contact an appropriate tissue site. Alternatively, the tissue compatible medium 
can first be administered on the implant, and then the nucleic add is added, whereafter the 
nucleic add-prosthesis composition is applied to the implantation site. Altanatively nu- 

25 cldc add is administered to the tissues surrounding the implant, wh^eafter the implant is 
implanted, or the implant is first iiiq>lanted, whereafter the nucldc add is administ^ed on 
the implant or to the tissues surrounding the implant. Also, an impregnated implant can be 
used in combination with administration of nucleic add in the tissues surrounding the im- 
plant before or after implantation. When surrounding tissue is scarce and have a low 

30 amount of cells, the impregnated prosthesis can be surgically wrapped in a tissue of higher 
cell content before implantation. Some of the cardiovascular implants, such as vascular 
prosthesis, cardiovascular patch and stent grafts, have a porosity that is hi^ enough to al- 
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low growth of radothelial cells through ite poies, and some other cardiovascular implants, 
such as heart valves axe non-porous. 

More specifically, the method according to the invention for inhibiting restenosis of medi- 
5 cal implants by transferring a nucleic acid systemically or to the surrounding tissues may be 
disclosed as a method of improving a mammalian, e.g. a human, body's acceptance of a 
synthetic surface, which method comprises introducing a device comprising a synthetic 
surface in the body with an at least partial contact with blood, bodily fluids and/or tissues 
and administering a nucleic acid present in a biologically compatible medium to die sur- 
10 roundings thereof. The method is characterised in that the nucleic add encodes a transla- 
tion or transcription product capable of inhibiting de novo stenosis or restenosis in vrvo, 
said administration of nucleic acid being perfonned before, simultaneously as or aft^ the 
introduction of the device in the body. As discussed above in relation to the device accord- 
ing to the invention, the nucleic acid can e.g. be administered in naked form, in a viral vec- 
15 tor such as a retrovirus, a Sendai virus, an adeno-associated virus or an adenovirus, or in a 
liposome. 

Depending cm die nature of the device, i.e., the condition of the patient who is to receive 
the implant, the nucleic acid may encode an EC-SOD protein or a polypeptide or a protein 
10 inhibitiung the downregulation of EC-SOD production. Also, a substance which promotes 
EC-SOD production can be used. Also, EC-SOD protein may be administered instead of a 
nucleic acid. 

Ih one embodiment, the nucleic acid or protein is administered systemically or to the sur- 
15 roundings of the device, i.e. the tissue, before introduction tiiereof in a mammalian body. 
Alternatively, the nucldc acid or protein is administered systemically or to such surround- 
ings after the introduction thereof. As the skilled in this field will realise, combinations of 
such administrations are possible, such as a first administration of a obtain amount to the 
surroundings, the introduction of the device, and tii^eafber one or mote additional admini- 
30 stration, either according to a predetermined schrane or dq)ending on the body's accep- 
tance thereof and the rate of growth of the new endothelial lay^ on the synthetic surface. 
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In another embodiment, the nucleic acid or protein is administered or attached to the device 
before introduction theieof in a mammalian body. In a specific embodiment, this is 
achieved by attaching the nucleic add or protein to the core by ionic or covalent bonding. 
This embodiment may if appropriate be combined with the last mentioned above, so as to 
provide a method wherein the device has been pretreated with protem or nucleic acid, 
while the tissue surrounding the device is later supplemented with further additions of nu- 
cleic acid or protein present in a suitable carrier. Also, the treatment with protan and nu- 
cleic acid can be combined in different variations. In one embodiment, which is advanta- 
geous due to its simplicity, said carrier is sterile water ox a sterile aqueous solution. The 
proteins and nucleic acids of tfie invention may also be delivered in any suitable pharma- 
ceutical formulations con^sing a pharmaceutically acc^table carrier. Examples include 
aqueous and non-aqueous sterile injection solutions, which may contain antioxidants, buff- 
ers, bacteriostats, bactericidal antibiotics; and aqueous and non-aqueos sterile suspensions, 
whidi may include suspending agents and diickening agents. The formulation may be pre- 
sented in unit dose or multi-dose oontainocs, for example sealed ampoules and vials, and 
may be stored in a frozen or freeze dried Oyophilized) condition requiring only the addition 
of the sterile liquid carrier, for exanq^le water for injection, immediately priw to use. 

In another embodiment, the nucleic acid or protein is administered systemically or to the 
the native vascular graft, i.e. the tissue, before introduction thereof in a mammalian body. 
Alternatively, the nucleic acid or protein is administered systemically or to surroundings 
after the introduction thereof. As the skilled in this field will realise, combinations of such 
administrations are possible, such as a first administration of a certain amount to the native 
vascular graft, the introduction of the device, and thereafter one or more additional admini- 
stration, either according to a predetermined schwne or depending on the body's accep- 
tance thereof and die rate inhibition of intimal hyperplasia. 

EC-SOD protdn or nucleic acid is administered with a view to prevaiting or treating de 
novo stenosis or prevmting or treating restenosis. It can however also be used to increase 
endothelialisation. 

In alternative embodiments of die fxcsesA mediod, the biologically compatible medium is a 
biostaUe polymer, a bioabsorbable polymer, a Womolecule, a hydrogel polymer or fibrin. 
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The present method may be used in the context of any manmialian, such as in the treatment 
of humans to reduce excessive connective tissue growth and increase the biocompatibility 
of a foreign, at least partly synthetic, device, such as a medical implant Further, the present 
5 method may be used in monitoring, where a biosensor or other similar equipment is intro- 
duced. 

Thus, as mentioned above and as further detailed below, the device used in the present 
method may be an implant used in cardiovascular surgery, a device rqplacing a part of the 
10 body, such as a vessel, a device for introduction into a human body, such as an endovascu- 
lar implant, a tissue implant, or a biosensor. 

In summary, wilh respect to the transfer and expression of therapeutic proteins or genes ac- 
cording to die present invention, the ordinary skilled artisan is aware that different genetic 
IS signals and processing events control levels of nucleic acids and proteins/peptides in a cell, 
such as transcription, mRNA translation, and post-translational processing. These steps are 
affected by various other components also present in the cells, such as other proteins, ribo- 
nucleotide concmtrations and die like. 

20 Accordingly, in general terms, the present invention concerns anti-stenotic, anti-restenotic 
and anti-fibrotic treatments and devices, which devices may be generally considered as 
molded or designed vascular implant-gene compositions. The devices of the invmtion are 
naturally a tissue-compatible implant in which one or more anti-restenotic or anti-fibrotic 
EC-SOD gene or BC-SOD proteins are associated with the implant The combination of 

25 EC-SOD gene or protein and in^lant cowpansnts is decided by the skilled in this field in 
order to render the device capable of inhibiting stenosis, restenosis or fibrosis, or stimulat- 
ing angiogenesis when implanted. Devices according to the invention may be of virtually 
any size or shape, so that their dimrasions are adapted to fit the implantation site in the 
body. 

30 

As indicated above, EC-SOD proteins or nucleic acids may be used for the treatment or 
prevention of intimal hyperplasia arising from any clinical dzcumstances. For example it is 
possible to treat hyp^lasia arising after any type of surgical procedure, including angio- 
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plasty, for example balloon angioplasty; by-pass surgery, such as coronary artery by-pass 
surgery in which a vdn is anstomosed to an artery, other anstomosis procedures, for exam- 
ple anastomosis in legs or trachea; endarterectomy, for example carotid endarterectomy. It 
is also possible to treat intimal hyperplasia associated with arterial damage or hypertension, 
5 for example puhnonary hypertension. TTie invention provides for treatment in any type of 
blood vessel, e.g. in an artery or vein. 

According to invention it is possible to treat or ameliorate established intimal hyperplasia 
or to prevent intimal hyperplasia from arising. Similarly, it is possible to diminish the like- 
0 lihood of intimal hyperplasia ficom arising, or to diminish the severity of established intimal 
hyperplasia or hyperplasia that is lilsely to arise. Treatment according to the invention may 
take place before, during, or sSter surgical procedure, for example to reduce the hyperplasia 
or increase radothelialisation after the procedure. 

5 The following section is provided to illustrate the preset invention and should not be in- 
terpreted as limiting tte invention in any way. References given below and elsewhere in the 
present application are hereby included by reference. 

This section describes alternative materials and methods that may be utilised in this context 
© in order to offer as many possibilities as possible within the scope of the appended claims, 
Thereaft^, under the headline examples, specific disclosures of the experiment carried out 
to describe the effect of the invention and the advantages thereof will be provided. 

1 nc J^an as i m plant endotheliaiisation increasing or restenos is reducing gene 

As used herein, the torn ^'restenosis or fibrosis inhibiting gMie and endotheliaiisation pro- 
moting gene" is used to refer to a gpne or a DNA coding region that encodes a protein, a 
polypeptide or a peptide, that is capable of promoting, or assisting in promotion of EC- 
SOD mediated inhibition of restenosis and fibrosis or EC-SOD mediated endotheliaiisation 
lO or vascularisation, or that decreases the rate of EC-SOD mediated inhibition of restenosis 
or fibrosis, or increases the rate of EC-SOD mediated OTdothelialisation or vascularisation, 
or EC-SOD mediated inhibition of macrophage infiltration. The tercas inhibiting and reduc- 
ing or promoting, inducing and stimulating are used interchangeably throu^out this text. 



wo 02/087610 



PCT/SE02/00848 



32 

to lefer to direct or indiiect piocesses that ultimately result in less f cnmation connective tis- 
sue to the site of tissue trauma or implantation of device or increase the formation of im- 
plant endothelium and/or capillaries, or in an increased rate of endothelialisation and/or 
capillarisation either with or without implantation of a device. Thus, an implant restenosis 
5 or fibrosis inhibiting gene or endothelialisation promoting gene is a gene, which, when it is 
expressed, causes the phenotype of the cell to change, so that the cell either differentiates,' 
stimulates other cells to differentiate, attracts restenosis inhibiting genes or implant endo- 
thelialisation promoting cells, or otherwise functions in a manner that ultimately gives rise 
to new implant endothelium through an increase in EC-SOD either locally or systemically. 

10 

In general tenns, a restenosis inhibiting gene or vascular implant endothelialisation pro- 
moting gpne may also be characterised as a gene capable of reducing formation of connec- 
tive tissue or ct^able of stimulating the growA of endothelium in the tissues surrounding 
vascular prosthesis and thereby reducing restenosis and fibrosis or promoting the endothe- 
15 lialisation or the vascularisation of the traumadsed tissue or of the implant through increase 
in EC-SOD. Thus, in certain embodiments the mediods and compositions of the invention 
may be to stimulate growth of endothelium in vascular prosthesis itself and also in tissues 
surrounding it 

20 A variety of anti-restenotic factors are now known, of which all are suitable for use in con- 
nection with the present invention. Anti-restenotic gpnes and their encoding proteins, in- 
clude, for example, hormones, many different growth factors and cytoldnes, growth factor 
receptor genes, enzymes and polypeptides. Examples of suitable anti-iestenotic factors in- 
clude those of the VEGF and FGF-family, TGF-B Type II receptor, NOS and HGF. 

25 

The preferred anti-restenotic gene product is EC-SOD. Thm is a considerable variation in 
the tenninology cuxrenfly employed in die literature referring to g^es and polypeptides. It 
will be understood by those skilled in the ait, that all genes diat cause increase in an active 
EC-SOD protein are considered for use in this invCTtion^ regardless of the differing tenni- 
30 nology that may be en^loyed. 

The DNA sequences fcH: several EC-SOD gpnes have been described both in scientific arti- 
cles (Gepwmics 22; 162-171, 1994, Hjahnarsson et al, Proc Natl Acad. ScL USA 84; 
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6340-6344,1987. Lauldcanen et al., Arteriosclerosis, Thrombosis and Vascular Biology 19; 
2171-2178. 1999. Laukkanen et al.. Gene, 254. 173-179, 2000), US Patent 5.788,961 and 
in WO 87/01384. 

5 As disclosed in the above patents, and known to those skilled in the art, the original source 
of a recombination gene or a DNA to be used in a therapeutic regimen need not be of die 
same species as the animal to be treated. In this regard, it is conten^lated dial any recom- 
binant anti-restenotic or anti-fibrotic gene may be employed to reduce excessive connective 
tissue formation or promote vascular prosthesis endotfaelialisation in a human subject or an 

10 animaU such as e.g., horse. Particularly preferred genes are those from human, as such 
genes are most preferred for use in human treatment regents. Recombinant proteins and 
polypeptides racoded by isolated DNA and genes are often referred to with the prefix r for 
recombinant and rfa for recombinant human. 

15 To prepare an anti-restenotic or anti-fibrotic gene, gene segment or cDNA, one may follow 
the teachings disclosed herein and also teachings of any of die patents or scientific docu- 
ments referred to in the reference list or in the scientific literamie. For example, one may 
obtain EC-SOD segments by using molecular biological techniques, such as polymerase 
chain reaction (PGR), or by screening a cDNA or graiomic library, using primers or probes 

20 with sequences based on the above nucleotide sequence. The practice of such a technique is 
a routine matter for those skilled in the art, as taught in various scientific articles, such as 
Sambrook et al.., incorporated herein by reference. The anti-restaiotic or anti-fibrotic gene 
and DNA segments that are particularly preferred for use in the present conq>ositions and 
metiiods, is EC-SOD or parts of its coding or non-coding sequence. It is also contemplated 

25 that one may clone further genes or cDNA tiiat encode a protdn or polypeptide that in- 
creases EC-SOD expression and protein production or decreases EC-SOD downregidation. 
The techniques for cloning DNA, i.e. obtaining a specific coding sequence from a DNA 
library that is distinct from othw portions of DNA, are well known in die art This can be 
achieved by, for example, scceerung an appropriate DNA library. The screening procedure 

JO may be based on die hybridisation of oligonucleotide probes, designed from a consideration 
of portions of the amino acid sequence of known DNA sequences encoding related anti- 
restenotic proteins. The operation of such screening protocols are well known to those 
skilled in the art and are described in detail in the scientific literature, for example Sam- 
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fersnt genes and genetic constructs may be employed. Certain gene combinations may be 
designed to, or their use may otherwise result in, achieving synergistic effects on reducing 
excessive connective tissue formation and fibrosis or angiogenesis and endothelialisation. 
Any of ail those combinations are intended to fall within the scope of the present invention. 
5 A person skilled in the art readily would be able to identify likely synergistic gene combi- 
nations or gene protein combinations. Another gene may encode a protein that inhibits the 
growth of neointimal cells, for example inducible nitric oxide synthase (INOS) or endothe- 
lial cell nitric oxide synthase (ecNOS). Proteins or products of enzyme proteins that inhibit 
thrombosis, e.g. prostacyclin, tissue plasminogen activator (tPA), urokinase, and strepto- 
10 kinase, are also of interest for co-transfection. Also EC-SOD may be conibined with other 
genes, which later inhibit the overexpression of BC-SOD or modulate EC-SOD expression 
at any level such as transcription or translation. Administration may occur before, simulta- 
neously or aft^ administration of the EC-SOD nucleic acid. 

IS It will also be understood that the nucldc acid or gene could, if desired, be administered in 
combination with further agents, such as, e.g. proteins, polypeptides, aptamer oligonucleo- 
tides, ribozymes, transcription factor decoy oligonucleotides or various pharmacologically 
active agents, growth factors inhibiting restenosis formation, substances such as heparin to 
inhibit excessive connective tissue growth etc. Also, immunosuppressants, anti- 

20 inflammatory and other anti-restenosis substances may be used. As long as genetic material 
or protein forms part of the composition, there is virtually no limit for including other 
components, given that the additional agent does not cause a significant adverse effect 
upon contact with the target cells or tissues. The nucleic acids or protein may thus be deliv- 
ered along with various other agents. Also, nucldic acid or protein may be delivered along 

25 with an iiiq)lant giving radiation, ultrasound, and electric current or light energy to the sur- 
rounding tissue to excert a specific effect along widi anti-fibrosis. 

It will also be undmtood that die nucleic add or gene can be administered in combination 
with a simultaneous cell seeding or sodding procedure, or simultaneous administration of 
30 stem cells or stimulation of stem cell population at the site of implant. It can also be com- 
bined with simultaneous seeding or sodding with genetically modified cells. 
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brook et al.. (Sambrook et aL, Molecular Cloning: a Laboratory Manual^ 1989, Cold 
Spnng Lab Press; loniste et al., FCR strategies, 1995, Academic Press, New Yoik). 

EC-SOD genes, with sequences that vary from those described in the lita:ature, are also 
5 encompassed by the invention, as long as the altered or modified gene still encodes a pro- 
tein that jfunctions to stimulate surrounding tissues of cardiovascular or tissue implants, in 
any direct or indirect manner. ITiese sequences include those caused by point mutations, 
those due to the degeneracy of the genetic code or naturally occurring allelic variants, and 
further modifications tiiat have been introduced by genetic engineering such as a hybrid 
10 gene, i.e. by the hand of man. 

Techniques for introducing changes in nucleotide sequences that are designed to alter the 
functional properties of the encoded protons or polypeptides are well known in the art 
Such modifications include the deletion, insertion or substitution of bases, and thus, 
15 changes in the amino acid sequence. Changes may be made to increase the EC-SOD activ- 
ity of a protein, to increase its biological stability or half-life, to decrease its degradatioii, 
increase its secretion, change its giycosylation pattern, and the like. All such modifications 
of tiie nucleotide sequoices are encompassed by this invention. 

20 It will also be understood that one, or more than one, anti-restenotic or anti-fibrotic gene 
may be used in the methods and compositions of the invention. The nucleic acid delivery 
may thus entail the administration of one, two, three, or more anti-restenotic or anti-fibrotic 
genes or proteins. Hie maximum number of genes or proteins that may be applied is lim- 
ited only by practical considerations, such as the effort involved in simultaneously prepar- 

25 ing a large number of gene constructs or even the possibility of eliciting an adverse cyto- 
toxic effect The particular combination of g^es may be two or more anti-iestenotic genes, 
or it may be such that a growth factor inhibiting gene is combined with a hormone gene. A 
hormone or growth factor gene may even be combined with a gene encoding a cell surface 
receptor capable of interacting with a polypeptide product of the first gene. Also, an EC- 

30 SOD giene can be combined with genes encoding antisense products intracellular vitamer 
molecules or libozymes. Id using multiple genes, the genes may be combined on a single 
genetic construct under control of one or more promoters, or they may be prepared as sepa- 
rate constructs of the same or different types. Thus, an almost endless combination of dif- 
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Gene constructs and nucleic acid: 

As used herein, the terms gene and nucleic add are both used to xcfer to a DNA molecule 
that has been isolated, and are free of total genomic DNA of a particular species. Thezefoie, 
a gene or a DNA encoding EC-SOD refers to a DNA that contains sequences encoding an 
EC-SOD protein, but it is in isolated ficom, or purified free from, total genomic DNA of the 
species from which the DNA is obtained. Included within the tenn DNA are DNA seg- 
ments and smaUer firagments of such segments aptamers, and also recombinant vectors, in- 
cluding for example plasmids, cosmids, artificial chromosomes, phages, lentivirus, retrovi- 
ruses, adenoviruses, and the like. 

The term gene is used for simplicity to lefBr to a functional protein- or peptide-encoding 
unit As will be miderstood by diose skilled in the art, this functional term includes both 
genomic sequences and cDNA sequences. Of course, diis refers to the DNA segment as 
originally isolated, and does not exclude genes or coding regions, such as sequences encod- 
ing leader peptides or targeting sequences, later added to the segment by man. 

This invention provides novel ways to utilise various EC-SOD protein and known EC-SOD 
DNA segments and recombinant vectors. Many such vectors are readily available. How- 
ever, there is no requirement for a highly purified vector to be used, as long as the coding 
segment employed encodes an EC-SOD protein, and does not include any coding or regula- 
tory sequences that would have an adverse effect on the tissues. Hierefore, it will also be 
understood that useful nucleic acid sequences may include additional residues, such as ad- 
ditional non-coding sequences flanking either of the 5' or 3 'portions of the coding region 
or may include various internal sequences, i.e. introns, which ate knovra to occur within 
genes. 

After the identification of an appropriate EC-SOD encoding gene or DNA molecule, it may 
be insetted into any one of die many vectors cuirendy knovm in the art In that way it will 
direct the expression and production of the EC^OD when incorporated into a tissue sur- 
rounding the implant Li a recomlnnant expression vector, the coding portion of the DNA 
segment is positioned under the control of a promoter. Hie promote: may be in a form that 
is naturally associated with an EC-SOD gene. Coding DNA segmrats can also be posi- 
tioned und^ the control of a recombinant, or heterologous, promoter. As used herein, a re- 
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combinant or heterologous promoter is intended to refer to a promoter that is not normally 
associated witti an EC-SOD gene in its natural environinrat Such promoters may include 
those normally associated wiA otiier anti-restenotic genes, and/or promoters isolated from 
any other bacterial, viral, eukaryotic, or mammalian cell. Naturally, it will be important to 
5 employ a promoter that effectively directs the expression of the DNA segment in tissues. 
TTie use of recombinant promoters to achieve protein expression is generally known to 
those skilled in the art of molecular biology (Samhrook et al.). The promoters used may be 
constitutive, or inducible, and can be used under the appropriate conditions to direct high 
level or regulated expression of the introduced DNA segment The currently preferred con- 

10 stitutive promoters are for exan^e CMV, RSV LTR, immunoglobulin promoter, SV40 
promoter alone, and the S V40 promote in combination with the SV40 enhancer, and regu- 
latable promoters such as the tetracyclin-regulated promoter system, or the metalotfaionine 
promoter. The promoters may or may not be associated with enhancers, where die enhan- 
cers may be naturally associated with the particular promote or associated with a diSmnt 

15 promoter. A termination region is provided 3^ to the EC-SOD coding region, where the 
termination region may be naturally associated with the cytoplasmic domain or may be de- 
rived from a different source. A wide variety of termination regions may be employed 
widiout adversely afifecting expression. After various manipulations, the resulting construct 
may be cloned, the vector isolated, and the gene screened or sequenced to ensure the cor- 

20 rectness of the construct Screening can be done with restriction analysis, sequencing or 
alike. 

EC-SOD gene and DNA segments may also be in the form of a DNA insert, which is lo- 
cated within the genome of a recombinant virus, such as, for example, recombinant adeno- 

25 virus, adenoassociated virus (AAV) or retrovirus. To place the gene in contact with a tissue 
surrounding an implant, one would, in such embodiments, prepare the recombinant viral 
particles, the genome that includes the EC-SOD gene insert, and simply contact the tissues 
surrounding the iirq)lant widi the virus, whereby the virus infects the cells and transfers the 
g^etic matfflal. In some embodiments of the invention, one would attach virus in a com- 

30 position to an implant, such as a vascular prosthesis, stmt, stent graft or graft coimector, 
and then contact die tissue surrounding the implant with the implant in site. The virus is 
released irom the composition, whereby cells grow into the iniplant, thereby contacting the 
virus and allowing viral infection, which results in that the cells take up die desired gene or 
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cDNA and express the encoded protein, which in turn results in inhibition of connective 
tissue foinmtion. 



In a prefened embodiment, the methods of the invention involve to prepare a composition 
5 in which the EC-SOD gene is attached to or are impregnated on a vascular prosthesis, stent, 
a stent graft, a heart valve, a graft connector, or a tissue implant to form a vascular prosthe- 
sis-, a stent-, an endovascular graft-, a graft connector-, a heart valve- or a tissue implant- 
gene composition and then the vascular prosthesis-, stent-, stent graft-, graft connector-, 
heart valve-, tissue implant-gene composition is placed in contact with tissue surrounding 
10 the said cardiovascular or tissue implant. Vascular prosthesis-, cardiovascular patch-, stent 
graft-, heart valve-, graft connector-, tissue implant-gene compositions are all those in 
which a gene is adsorbed, abscsbed, or otherwise maintained in contact with the said im- 
plant. 

15 2. Nucleic acid transfer into cells of tissue surrounding an implanted device 

Once a suitable vascular inqplant-gene composition has been prepared or obtained, all that 
is requued for delivering the EC-SOD protein or EC-SOD gene to the surrounding tissue, 
is to place the cardiovascular implant-gene or tissue implant-gene composition surgically, 
or with the help of a catheter, in contact with the desired site in the body, with or without 

20 first wrapping it with the surrounding tissue. The methods are well known to a person 
skilled in the art. The EC-SOD gene or protein can also be administered systemically into 
the circulation or to the tissue before, during or after implanting the cardiovascular or tissue 
implant to the site. Hiis could be an arteriovenous fistula, arterial bypass graft or interposi- 
tion graft, a venous graft, cardiovascular patch, artificial heart, stent graft, stent, heart 

25 valve, cardiac asssist device, anastomotic device, annuloplasty ring, vascular catheter, 
pacemaker wire, tracheal cannula, biomedical sensor, chamber for living cells, artificial or- 
gan, organ inq>lant, orthopedic in^lant, suture material, surgical patch, clip or pledget, or 
any medical device, all of which comprise at least one syntiietic surface. 



30 In the present invention, one or more vectors are transferred to any surrounding tissue, 
which preferably is a mammalian tissue. Several publications have postulated the use of 
gene transfer for the tieatmmt or prevention of diseases (Levine and Friedman, Curr. Opiru 
in Biotech. 1991; 2: 840-44. Mulligan, Science 1993; 260: 926-32, Crystal, Science 1995; 
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270:404-410, Rowland. Ann. Thorac Surgery 1995; 60:721-728; Nabel et al.. Science 
1990; 249: 1285-88). The eukaryotic host cell is optimally present m viw. According to the 
present invention, the contacting of cells with the vectors of the pxescmt invention can be by 
any means by which the vectors will be introduced into the cell. Such introduction can be 
by any suitable method Preferably, the vectors will be introduced by means of transfection, 
i.e. using the natural capability of the naked DNA to enter cells (e.g., the capability of the 
vector to undergo receptor-mediated endocytosis). However, the vectors can also be intro- 
duced by any other suitable means, e.g. by transduction, calcium phosphate-mediated trans- 
formation, microinjection, electroporation, osmotic shock, and the like. 

The method can be employed with respect to various cells, differing both in number of vec- 
tor receptors as well as in the affinity of the cell surface receptors for the vector. According 
to the invention, the types of cells to which gene delivery is contemplated in vivo include 
all m a mma l i an cells, more preferably human cells. The vectors can be made into the com- 
positions ^propdate for contacting cells with appropriate (e.g. pharmaceuticaUy acc^t- 
able) exdpients, such as carriers, adjuvants, vdiicles, or diluents. The means of making 
such a composition, and means of administration, have been described in the art Where 
£^)propriate, the vectors can be formulated into preparations in solid, semisolid, liquid, or 
aerosol forms, such as aerosol, spray, paste, ointment, gel, glue, powders, granules, solu- 
tions, injections, creme and drops, in the usual ways for their respective route of admini- 
stration without excluding any other method A pharmaceutically acceptable form, that 
does not inefFectuate the compositions of the present invention should be employed. In 
pharmaceutical dosage forms, the compositions can be used alone or in an ^>pn>priatB as- 
sociation, as well as in combination with other pharmaceutically active compounds. For 
example, nucleic acids encoding for EC-SOD can be administered together with nucleic 
acids encoding for inhibiting platelet deposition or smooth muscle cell proliferation. Ac- 
cordingly, the pharmaceutical composition of the present invention can be delivered via 
various ways and to various sites in a mammalian to achieve a particular eifect. A person 
skilled in the art will recognise that although more than one way can be used for admini- 
stration, a particular way can provide a more immediate and more effective reaction than 
the otiier way. Systemic delivay can be accomplished for example by administration intra- 
venously, intra-aiterially, subcutaneously or intramuscularly. It can also be achieved 
tfarou^ mucosal membranes such as nasal mucosa. Local deliv^ can be acconq>lished by 



wo 02/087610 



PCT/SE02/00848 



40 / 

administration comprising topical appKcation or instillation of the fomulation on the im- 
plant, or administration of the fonnulation direcUy, to the tissues surrounding the implant 
in vivo, or any other topical application method. Administration of the drug this way, en- 
ables the drug to be site-specific, in a way that release of high concentrations and/or highly 
potent drags may be limited to direct application to the targeted tissue. When delivering the 
nucleic acids either systemically or locally they can be delivered in solution in naked form 
in any biocompatible salt solutions or complexed with any biocompatible substances. Ex- 
amples of the ways to complex nucleic acids is to use polycations (eg oligodendromer), 
proteins (eg transferrin) or other polymers (eg DEAE-Dcxtran. polylysine). Also deriva- 
tives and salts of the examples are included. Other example is to encapsulate the nucleic 
add or associate with liposomes or coated on colloidal particles. Preferred methods is to 
deliver nucleic acids in an aqueous solution incorporated in fibrin, hydrogel, glycosami- 
noglycans, glycopolysaccharides, or any other biocompatible polymeric carrier matrix, such 
as alginatB, collagen, mucin, hyaknonic acid, pblyuiethane, cellulose, polylactic acid, 
poloxamer which covers at least a portion of the implant (U.S. 5,833,651). ^fucIeic acids 
can be added to the polymer-coated implant, either at the time of in^>lant manufacture or 
by the physician prior to, during or after implantation. The polymer may also be either a 
biostable or a bioabsorbable polymer, depending on the desired rate of release or the de- 
sired degree of polymer stability. It may be naturally occuring or synthetic compound, also 
derivatives and salts of the compounds are included. A bioabsorbable polymer is more de- 
sirable, as it is supposed to cause no chronic local response. Bioabsorbable polymers that 
may be used include, but are not limited to, poly(L-lactic acid), polycaprolactone, 
polyOactide-coglycolide), poly(hydroxybutyrate), poly(hydroxybuturate-co-valcrate), 
polydioxanone, polyorthoester, polyanhydride. poly(glycolic acid), poly(DJ[^lactic acid), 
polylactic-polyglycolic acid, polyglactin, polydioxone, polygluconate, poly(glycolic acid- 
cotrimethylene carbonate), polyphosphoester, polyphosphoester urethane, poly(amino ac- 
ids), cyanoactylates, poly(trimethylene carbonate), poly(iminocarbonate), copoly(ether- 
esters)(e.g. PEO/E*LA), polyalkylene oxalates, polyphosphazenes, and biomolecules, such 
as fibriUi fibrinogen, cellulose, starch, collagen, mucin, fibronectin, aiid hyaluronic add. 
Also, biostable polymers with a relatively low chronic tissue response, such as polyure- 
thanes, silicones, and polyesters could be used if they can be dissolved or polymerised on 
the implant, such as polyelolejBns, polyisobutylene and ethylene-alphaoiefin copolymers; 
acrylic polymers and copolymers, vin>d halide polymers and copolymers, such as polyvinyl 
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chloride; polyvinyl ethers, such* as polyvinyl methyl ether; poly vinylidine halides, such as 
polyvinylidene fluoride and polyvinylidene chloride; polyacrylonitrile, polyvinyl ketones; 
polyvin>d aromatics, such as polystyrene, polyvinyl esters, such as polyvinyl acetate; co- 
polymers of vinyl monomers with each other and olefins, such as ethylene-methyl 
5 methacrylate copolymers, aciylonitrile-styrene copolymers, ABS resins, ethylcne-vinyl ace- 
tate copolymers: polyamides, such as Nylon 66 and polycaprolactam;alkyd resins; polycar- 
bonates; polyoxymethylenes; polyimides; polyethers; epoxy resins; polyurethanes; rayon; 
rayon-triacetate; cellulose, cellulose acetate, cellulose butyrate; cellulose acetate butyrate; 
cellophane; cellulose nitrate; cellulose propionate; cellulose ethers; and caiboxymethylcel- 

10 lulose (5,776,184). Also fibrin together with otbsx biocompatible polymers, either natural 
or synthetic and their derivatives and salts, may be used. Of the polyma:s glycopolysaccha- 
rides may be advantageous. In one aspect fhim is a solid/solid solution of polymer and 
drug. This means that the drug and the polymer both are soluble in the same solvent and 
have been intimately admixed in the presence of that solvent The drug and polymer can be 

15 applied in various ways, such as by simply immersing the implant into the solution or by 
spraying the solution onto the implant (U.S. 5,776,184). Various hydrogel polymers can be 
used, such as those selected from the group consisting of polycarboxylic acids, ceUulosic 
polymers, gelatin, alginate, poly 2-hydroxyethyhnethylacrylate (HEMA) polyvinylpyr- 
rolidine, maleic anhydride polymers, polyamids, polyvinyl alcohols, polyethylene oxides, 

20 polyethylene glycol, polyacrylamide, polyacids, e.g. polyacrylic acids, polysaccharide, e.g. 
a mucopolysaccharide such as hyaluronic acid (U.S. 5.674,192 and U.S. 5,843,089). The 
polymer can be porous or nonporous on the implant Several layers of polymers can be util- 
ised and several different polymers can be combined on the same implant Different layers 
and different polymers can carry different phaimacologicai substances (5,833,651). Also, 

25 one or more surfaces of the implant can be coated with one or more additional coats of 
polymer that is the same or different fiom the second polymer. The adhesion of the coating 
and the rate at which the therapeutic compound is delivered can be controlled by selection 
of an appropriate bioabsorbable or biostable polymer, and by the ratio of thmpeutic com- 
pound to polym^ in the solution (U.S. 5,776,184). The dosage ^lied to the tissue may 

30 also be controlled by regulating the time of presoaking Aerapeutic compound into the hy- 
drogel coating to determine the amount of absorption of die therapeutic compound solution 
by the hydrogel coating. Otbei factors affecting the dosa^ are the concentration of die 
therapeutic compound in the solution applied to the coating, and the drugceleasability of 
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the hydrogel coating, detennined by, for eximiple, the 'thickness of the hydrogel coating, its 
resiliency, porosity and the ability of the hydrogd coating to retain the ther^utic com- 
pound, e.g. electrostatic binding or pore size, or the ionic strength of the coating, e.g. 
changed by changing the pH. It may be advantageous to select a hydrogel coating for a par- 
ticular drug, such that the therapeutic compound is not substantially released into body flu- 
ids prior to application to the site. The release of the solid/solid solution of polymer and 
therapeutic compound can further be controlled by varying the ratio of therapeutic com- 
pound to polymer in the multiple layers. Coating need not be solid/solid solution of poly- 
meric and therapeutic compound, but may instead be provided from any combination of 
drug and polymer applied to implant. The ratio of therapeutic substance to polymer in the 
solution will depend on the efficacy of the polymer in securing the therapeutic substance 
onto the implant and the rate at which the coating is to release the therapeutic substance to 
the tissues. More polymer may be needed if it has a relatively poor efficacy in retaining the 
therapeutic substance on the inqylant, and more polymer may be needed in order to provide 
an elution matrix that limits die elution of a very soluble tfaera^utic substance. Thoefore, 
a wide therapeutic substance-to-polymer rate could be approiniate, and it could range ftom 
about 10:1 to 1:100 (U.S. 5,776,184). Binding of the therapeutic conqjound may also be 
accomplished by electrostatic attraction of the drug to the coating or to a coating additive 
or a mechanical binding, for example by employing a coating having a pore size that inhib- 
its inward flow of body fluids or outward flow of the therapeutic compound itself, which 
might tend to release the therapeutic compound. 

Hydrogels are particularly advantageous in that the therapeutic compound is held within 
the hydrogen-bond matrix formed by the gel (U.S. 5,674,192). Examples of hydiogels are 
for example HYDROPLUS.RTM (U.S. 5.674,192). CARBOPOL.RTM (U.S. 5.843,089), 
AQUAVENEJRTM (U.S. 4,883,699), HYPANATM (U.S. 4,480.642). fa some cases, the 
hydrogel may be crosslinked prior to lining the in^lant, for example the hydrogel coatmg 
on a vascular or endovascular graft may be contacted with a primer dip before the hydrogel 
is deposited on the implant If crosslinked it forms a relatively permanrat lining on the im- 
plant surface, and if left uncrosslinked it fomis a relatively degradable lining on the implant 
surface. For example, the longevity of a crosslinked form of a given hydrogel in the stent 
linmg, has heca at least twice to that of its uncrossUnked form (U.S. 5,843,089). Alterna- 
tively, the hydrogel lining may be contacted with a crosslinking ag^t in situ (U.S. 
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5,843,089). In general, when dry, the hydrogel coating is preferably on the onler of about 1 
to 10 microns thick, and typically of 2 to S microns. Very thin hydrogel coatings, e.g., of 
about 0,2-0,3 micions (dry) and much thicker hydrogel coatings, e.g., more than 10 mi- 
crons (dry) are also possible. Typically, the hydrogel coating thickness may swell with a 
factor of about 6 to 10 or more, when hydrogel is hydrated (U.S. 5.674,192). Usually, the 
polymeric carrier will be biodegradable or bioeluting (taught for example by U.S. 
5,954,706. U.S. 5,914,182, U.S. 5,916,585, U.S. 5,928,916). The carrier can also be con- 
structed to be a biodegradable substance filling the pores, and release one or more sub- 
stances into the surrounding tissue by progressive dissolution of the matrix. Subsequendy 
the pores will open. The delivered vectors may be nucleic acids encoding for therapeutic 
protein, e.g. a naked nucleic acid or a nucleic acid incorporated into a viral vector or lipo- 
some. By a naked nucldc acid is meant a single or double stranded DNA or RNA molecule 
not incorporated into a virus or liposome. Antis^ise oligonucleotides, which specifically 
bind to complementary mRNA molecules, and thereby reduce or inhibit protein expression, 
can also be delivered to the implant site via the hydrogel coating (U.S. 5,843,089). Gener- 
ally, attachment of the nucleic acid to the implant can also be done in several odier ways, 
such as by using covalent or ionic attachment techniques. Typically, covalent attachment 
techniques require the use of coupling agents, such as glutaraldehyde, cyanogen bromide, 
p-tenzoquinone, succinic anhydrades, caibodiimides, diisocyanates, ediyl chloroformate, 
dipyndyl disulphide, epichlorohydrin, azides, among others, without excluding any other 
agent, but any method that uses the described methods of this invention can be used and 
will be recognised by a person skilled in the art Covalent coupling of a biomolecule to a 
surface may create undesirable cross-links between biomolecules, and thereby destroying 
the biological properties of die biomolecule. Also, they may create bonds amongst surface 
functional sites and diereby inhibit attachment Covalent coupling of a biomolecule to a 
surface may also destroy the biomolecules three-dimensional structure, and thereby reduc- 
ing or destroying the biological properties (U.S. 5,928,916). Ionic coupling techniques have 
the advantage of not altering the chemical composition of the attached biomolecule, and 
ionic coupling of biomolecules also has an advantage of releasing the biomolecule und^ 
^jpropriate conditions. One exanqile is (U.S. 4,442,133). Hie current techniques for im- 
mobilisation of biomolecules by an ionic bond have been achieved by introducing positive 
charges on the biomaterial surface utilising quaternary ammonium salts, polymers contain- 
ing tertiary and quaternary amine groups, such as TDMAC, benzalconium chloride, 
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cetylpyitidinium chloride, benzyldimethylsteaiyammoniuxn chloride, benzylcetyidimethyl- 
ammoiiimn chloride, guanidine or biguanide moiety (U.S. 5,928,916). When delivering the 
vascular implant percutaneously, a sheath member may be included to inhibit release of the 
dnig into body fluids during placement of the catheter. For example, it can be carbowax, 
gelatin, polyvinyl alcohol, polyethylene oxide, polyethylene glycol, or a biodegradable or 
thennally degradable polymer, e.g. albumin or pluronic gel F-127 (U.S. 5,674,192). The 
particular type of attachment method when practising the methods and compositions of the 
invention is not important, as long as the nucleic acids released from the implant stimulates 
the smxounding tissue in such a way that tiicy are activated and, in the context of in vivo 
embodiments, ultimately give rise to radothelialisation of the cardiovascular or tissue im- 
plant without causing adverse reactions. The methods described herein are by no means all 
inclusive, and further methods to suit Ihe specific application vnll be apparent to the skilled 
person of tiie art 

The composition of the present invention can be provided in unit dosage form, wherein 
each dosage unit, e.g. solution, gel, glue, drops and aerosol, contains a predetermined 
amount of the composition, alone or in appropriate combination with other active agents. 
The term unit dosage form, as used herein, refers to physically discrete units suitable as 
unitary dosages for human and animal subjects, whereby each unit contains a predeter- 
mined quantity of the con^ositions of the present invention, alone or in combination with 
other active agents, calculated in an amount sufficient to produce the desired effect, in as- 
sociation with a pharmaceutically acceptable diluent, carrier, or vehicle, where appropriate. 
The specifications for the unit dosage forms of the present invention depend on the particu- 
lar effect to be achieved, and the particular pharmacodynamics associated with the pharma- 
ceutical con^sition in the particular host. 

Accordingly, the present mvention also provides a method of transferring a thet^utic 
gene to a host, which comprises administering the vector of the present invention either 
systemically or, preferably as a part of composition with the implant, using the aforemen- 
tioned ways of administraticm or alternative ways known to those skilled in the art Ihe ef- 
fective amount of the composition is such as to produce the desued effect in a host, which 
can be monitored using several end-points known to those skilled in the art Effective gene 
transfix of a vector to a host cell, in accordance with the present invration, can be moni- 
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toied in terms of a tha^>eutic effect (e.g. formation of capiflaries and endothelialisation of 
surfaces), or further by evidence of the tcansfened gene or expression of the gene within 
the host (e.g. using the polymerase cham reaction in conjunction with sequ^cing, Northem 
or Southern hybridisations, or transcription assays to detect the nucleic acid in host cells, or 

S using inmiunoblot analysis, antibody-mediated detection, mRNA or protein half-life stud- 
ies, or particularised assays to detect protein or polypeptide encoded by the transferred nu- 
cleic acid, or impacted in level or function due to such transfer). One such particularised 
assay described in the examples includes Western immunoassay for detection of proteins 
encoded by the EC-SOD-gene. These methods are by no means all-inclusive, and further 

.0 methods to suit the specific application will be apparrat to a person skilled in the art. 
Moreover, the effective amount of the compositions can be further approximated through 
analogy to compounds known to exert the desired effect (e.g., compounds traditionaUy em- 
ployed to inhibit restenosis can provide guidance in terms of the amount of a EC-SOD nu- 
cleic acid to be administered to a host). 

.5 

Rirthmnoie, the preferred amounts of each active agent included in the con^ositions ac- 
cording to the invention, EC-SOD is preferably included bom about 0.1 micrograms to 
10000 micrograms (although any suitable amount can be utilised either above, i.e. greater 
than about 10000 micrograms, or below, i.e. less than about 0.1 micrograms), provide gen- 

tO era] guidance of the range of each component to be utilised by the practitioner upon opti- 
mising the methods of the present invention for practice in vivo. Similarly, BC-SOD plas- 
mids are included from 0.1 to 10000 micrograms (although any suitable amoimt can be 
utilised either above, i.e. greater than about 10000 micrograms, or below, i.e. less than 
about 0.1 micrograms). The EC-SOD vector preferably has between 10^ and 10^^ viral par- 

\5 tides, although any suitable amount can be utilised, either more than 10*^ or less tiian 10^. 
Moreover, such ranges by no means preclude use of a higher or Iowa* amount of a coid|k>- 
nent, as might be warranted in a particular application. For instance, actual dose and sched- 
ule can vary depending on whether the compositions are adnoinistered in combination with 
other pharmaceutical compositions, or depending on int^individual diffoiences in pharma- 

(0 cokinetics, drug disposition, and metabolisixL Furtiimnore, the amount of vector to be 
added per cell will likely vary with the length and stability of the g^e ins^ted in the vec- 
tor, as well as also the nature of the sequ^ce, and is particularly a parameter which needs 
to be determined empiricaUy, and it can be altered due to factors not inherent to the meth- 
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ods of the present inventicNn (for instance, the cost associated with synthesis). A person 
skilled in the art can easily make any necessaiy adjustments in accordance with the exigen- 
cies of the particular situation. The amount of gene construct that is applied to the sur-- 
rounding tissue or the amount of gene composition that is applied on the implant or in the 
tissue, will be finally determined by the attending physician or veterinarian considering 
various biological and medical factors. For example, one would wish to consider the par- 
ticular EC-SOD and vascular implant material, patient or animal size, age, sex, diet, time 
of administration, as well as any further clinical factors that may affect inhibition of con- 
nective tissue formation, such as serum levels of different factors and hormones. The suit- 
able dosage regimen will therefore be readily determinable by a person skilled in the art in 
light of the coming disclosure, bearing the individual circumstances in mind. 

Also, for these embodiments, when one or more different vectors (i.e. each encoding one or 
more differ^ therapeutic genes) are employed in the mediods described herein, the con- 
tacting of cells with various components of the present invention can occur in any order or 
can occur simultaneously. Preferably it occurs simultaneously. 

3. Connective tissue inhibiting tissue 

This invention provides advantageous methods for using genes to inhibit excessive connec- 
tive tissue formation and improve endothelialisation. As used here surrounding tissue refers 
to any or all of those cells that have the capacity to ultimately inhibit, or contribute to the 
inhibition of, new connective tissue after tissue trauma or after device implantation. This 
includes various tissues in various forms, such as for example vessel wall, pleura, pericar- 
dium, peritoneum, omentum, fat and muscle. 

The particular type or types of surrounding tissue, which are stimulated witii the methods 
and compositions of the invention, are not important, as long as the cells are stimulated in 
such a way that they are activated, and, in the context of in vivo embodiments, ultimately 
give rise to inhibition of unwanted connective tissue growth, neointima formation or pro- 
motion of endothelialisation and capillarisation of the implant 

The surrounding tissue is also used to particulariy refer to those cells tiiat are located 
within, are in contact with, or migrate towards the implant, and which cells directly or mdi- 
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rectly inhibit connective tissue formation, neointima fonnation or stimulate the formation 
of endothelium and/or capillaries. As such, microvascular endothelial cells may be cells 
that form capillaries, that upon stimulation further inhibit connective tissue formation or 
attract endothelial cells, are also considered to be surrounding tissue in the context of this 

S disclosure, as their stimulation indirectiy leads to inhibition of connective tissue formation 
or stimulation of endothelialisation. Cells affecting connective tissue formation or endothe- 
lialisation indirectiy may do so by the elaboration of various growth factors and cytokines, 
or by their physical interaction with other cell types. Also, cells or tissues tiiat in tfaeir natu- 
ral environmrat azrive at an area of active inhibition of connective tissue fonxiation or 

10 stimulation of implant endothelialisation and vascularisation may be suirounding tissue. 
Surcounding tissue cells may also be cells that are attracted or recruited to such an area. Al- 
though of scientific interest, the direct or indirect mechanisms by which surrounding tissue 
ceUs inhibit connective tissue formation or stimulate endothelialisation is not a considera- 
tion in the practising of diis invention. 

15 

Surrounding tissue cells may be cells or tissues that in their natural environment arrive at 
an area of active connective tissue formation or vascular prosthesis, endovascular prosthe- 
sis endothelialisation, or tissue implant vascularisation. In terms of surrounding tissue, 
these ceUs may also be cells that are attracted or recruited to such an area. 

20 

According to the invention, the surrounding cells and tissues will be those cells and tissues 
that arrive to the tissues or surfaces of cardiovascular implants where one wishes to inhibit 
connective tissue formation or endothelialisation, or cells or tissues that arrive to the sur- 
face of tissue implants that one wants to vascularise. 

25 

Accordingly, in treatment embodiments there is no dif&culty associated with the identifica- 
tion of suitable sucrounding tissues to which die present ther^utic compositions, and car- 
diovascular and tissue implants or other prosthetic devices should be applied. All diat is 
required in such cases is to obtain an appropriate inhibitory and stimulatory composition, 
30 as disclosed hereui, and to contact the cardiovascular or tissue implant or prosthetic device 
with the stimulatory composition and the surrounding tissue. The nature of this biological 
environment is sudi that the appropriate cells will become activated in the absence of any 
furth^ targeting or cellular identification by the practitioner. 
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One aspect of the invention involves to generally administer a composition to general cir- 
culation or contact surrounding tissues with a composition comprising EC-SOD protein or 
gene (with or without additional genes, proteins, growth factors, drugs or other bio- 
molecules), and a cardiovascular or tissue implant or other prosthetic devices to promote 
expression of said gene in said cells. As outlined, cells may be contacted in vivo. This is 
achieved, in the most direct manner, by simply obtaining a functional EC-SOD gene con- 
struct, and applying the constmct to the cells. Contacting the cells with DNA, e.g. a linear 
DNA molecule, or DNA in the form of a plasmid, or some other recombinant vector or ar- 
tificial chromosome that contains the gene of interest under the control of a promoter, 
along with the appropriate termination signals, is sufficient to achieve an uptake and an ex- 
pression of DNA, with no further steps necessary. 

In prefened embodiments, the process of contactmg the surrounding tissue with the EC- 
SOD composition is conducted in vivo. Again, a direct consequence of this process is that 
the cells take up and express the gene, and the tcanslational or the transcriptional pioduct 
stimulates the process of decreased connective tissue formation or stimulation of endotfae- 
lialisation and/or capillarisation of the iiiq>lant without additional steps lequixed by tiie 
practitioner. 

4. Materials used in die devices according to the invention 

As used herein, the following terms and words shall have the following ascribed meanings. 
Implantable medical device, which for brevity will be referred to as implant, device or 
prosthesis will refer to an object that is fabricated, at least in part, from a biomaterial, and 
is intended for use in contact with bodily tissues, including bodily fluids. Biomaterial shall 
refCT to the composition pf the material used to prepare a device, which provides one or 
more of its tissue contacting surfaces. Porosity and inflections thereof (such as pores and 
porous), if not specified otherwise, shall refer to a biomaterial having small channels or 
passages which start at an external (e.g. jSrst major) stirface of die biomaterial and extend 
substantially through the biomaterial to an internal (e.g., second) surface. Rigid and inflec- 
tions thereof, will, in case of a nonabsorbable biomaterial, when fabricated in the fom of 
an implantable medical device, refer to the ability to withstand the pressures encountered in 
die course of its use, e.g. to retain patency and pote structure in vivo. The surface shall refer 
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to the inteiface between the biomaterial and its mvironment The tenn is intended to in- 
clude the use of the word in both its macroscopic sense (e.g. die two major feces of a sheet 
of biomatedal), as well as in its microscopic sense (c.g. the lining of pores traversing the 
material). The term ^'attach'* and its derivatives refer to adsorption, such as physisorption, 
or chemisorption. ligand/ieceptor interaction, covalent bonding, hydrogen bonding, or ionic 
bonding of a polymeric substance or nucleic acids to the implant 

Hie type of cardiovascular, tissue implants and oth^ prosthetic devices that may be used in 
the conqrasitions, devices and methods of the invention is virtually limitless, as long as 
they are tissue compatible. Hius, devices of the present invention include medical devices 
intended for prolonged contact with blood, bodily fluids or tissues, and in particular, those 
that can benefit from inhibition of unwanted or excessive connective tissue growth and fi- 
brosis or stimulation of the capillary endothelialisation when used for in vivo ^plications. 
Preferred devices are implantable in the body, and include cardiovascular implants, tissue 
implants, artificial organs, such as the pancreas, liver, and kidney, and organ implants, such 
as breast, penis, skin, nose, ear and orthopedic implants. The significance of inhibition of 
connective tissue formation or capillary endothelialisation will vary with each particular 
device, depending on the type and purpose of the device. Hie inhibition of connective tis- 
sue formation protects the device fiiom excessive scar tissue formation, strictures and fibro- 
sis. Ingrown capillaries can provide endothelial cells to line surfaces of vascular iixq>lants, 
protect tissue implants £rom infection, cany nutrients to the cells in the device and make it 
possible for sensors to sense substance levels in circulation. This means that the implant 
has all the features commonly associated with biocompatibility, in that they are in a fonn 
that does not produce an adverse, an allergic, or any other untoward reaction when admin- 
istered to a mammal. They are also suitable for being placed in contact with the tissue sur- 
rounding the implant The latter requirement takes factors, such as the capacity of the said 
implants to provide a structure for the developing vascular endothelium or to resist un- 
wanted connective tissue formation, into consideration. 

Preferred biomaterials are those that provide sufBdrat rigidity for tfieir intended purposes 
in vivo. For use in forming a vascular graft and cardiovascular patch, for instance, the bio- 
mat^ial wiH be of sufficient rigidity to allow the graft to retain graft patency in the course 
of its intended use. The choice of implant material will differ according to the particular 
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drcumstances and the site where the vascular or tissue implant is implanted. Vascular pros- 
thesises are made of biomatehals, selected from the group cmsisting of e.g. tetraflu(»ro- 
ethylene polymers, aromatic/aliphatic polyester resins, polyuredians, and silicone rubbers. 
However, any type of biocompatible microporous mesh may be used The said Womaterials 
can be combined with each other or other substances, such as poly^ycolic acid, polylactic 
acid, polydioxone and polyglyconate. Preferred are expanded polytetrafiuoretfaylene and 
Dacron. Dacron may be with or without velour, or modified in some other way. Dacron is 
usually woven, braided or knitted and suitable yams aie between 10 and 400 deniers. The 
nodal regions of ePTFE arc composed of nonporous FIFE that serves to provide tear resis- 
tance (e.g. for sutures and resistance to aneurysmal dilatation). The intemodal regions are 
composed of fibres of PTFE, which serve to connect Ihe nodes with the spaces between the 
fibres providing the porosity referred to hereiiL The nodal size can be expressed as the per- 
centage of the tissue-contacting surface that is composed of nodal PTEE. The distance be- 
tween nodes can be expressed as the average fibril length. In turn, the porosity is com- 
monly expressed as the intenodal distance (i.e. the average distance from the middle of 
one node to the middle of the adjacent node). Prcfened ePTFE materials have nodes of suf- 
ficient size and frequency to provide adequate strength (e.g., with respect to aneurysmal 
dilatation) and intemodal regions of sufficient frequency and fibre length to provide ade- 
quate porosity (to allow for c^illary endothelialisation). Given die present specification, 
those skilled in the art will be able to identify and fabricate devices using biomaterials hav- 
ing a suitable combination of porosity and rigidity. Biomaterials are preferably porous to 
allow the attachment and migration of cells, which may be foUowed by tiie formation and 
growth of capillaries into the surface. Suitable pores can exist in the form of small channels 
or passages, which start at an external surface and extend partially or completely through 
the biomaterial. In such cases, the cross sectional dimensions of the pore capillary diameter 
are greater than 5 microns and typically less than 1 mm. The upper pore size value is not 
critical as long as the biomaterial retains sufficient rigidity, however it is unlikely that use- 
ful devices would have a pore size greater than about Imm. Such pore dimensions can be 
quantified in microscope. As will be understood by tiiose skilled in the art, several modifi- 
cations of the graft materials and surfaces can be made, such as precoating with, for exam- 
ple, protdns (see e.g. 5,037,377, 4,319,363), non-heparinised whole blood and platelet rich 
plasma, glow-discharge modifications of surfaces, adding pluronic gel, fibrin glue, fi- 
bronectin, adhesion molecules, covalent bonding, influencing surface charge, witii for ex- 
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ample caibon (5,827,327, 4,164,045), and (readng with a surfactant or cleaning agent, 
without excluding any other method. Moreover, the implant can be constructed as a hybrid 
of different intonodal distances for the inner and outer surfaces, such as 60 microns as an 
out^ value and 20 microns as an inner value, for the intemodal distances (HYBRID 
PTFE). Also, more layers with different intemodal distances may be used. They are all in- 
tended to faU within the scope of the present invention when not inhibiting endotheliaHsa- 
tion. Potential biodegradable vascular implants may be used in connection with ttie compo- 
sitions, devices and methods of this invention. For example, biodegradable and chemically 
defined polylactic add, polyglycolic acid, matrices of purified proteins, semi-purified ex- 
tracellular matrix compositions and also collagen can be employed. Also, naturally occur- 
ing autogenic, allogenic and xenogenic material, such as an umbilical vein, saphenous vein, 
native bovine artery or intestinal sub-mucosal tissue may be used as a vascular or other im- 
plant material. Examples of clinically used grafts are disclosed in U.S. 4,187,390, U.S. 
5,474,824 and U.S. 5,827,327. Biodegradable or bioabsorbable matmals, such as ho- 
mopolymers e.g. poly-paradioxanone, poljdysine or polyglycolic acid and copolymers; e.g., 
polylactic acid and polyglycolic adds or otiier bio materials, may be used either alone or in 
' combination with other materials as the vascular graft or other implant material, as long as 
they provide the required rigidity. Also, other biological materials, such as intestinal sub- 
mucosa, matrices of purified proteins and semi-purified extraceUular matrix compositions 
may be used. Appropriate vascular grafts or other prosthetic implants wiU botii deliver the 
gene composition and also provide a surface for new endoth^um growth, i.e., will act as 
an in situ scaffolding through which endothelial cells may migrate. It will be understood by 
a person skilled in the art that any material with biocompatibility, rigidity will be accept- 
able to be used with the invention. It will also be understood that inhibition of excessive 
cormective tissue formation can occur in connection of an autologous vessel to autologous 
vessel, allogene vessel to autologous vessel, autologous vessel to synthetic vessel or any 
type of vessel to another vessel either end-to-end, end-to-side, side-to-side or combination 
of multiple side-to-side and end-to-side-anastomosis as long as there is a connection be- 
tween the vessels with an anastomotic area. Also the hyperplasia can be inhibited in any 
part of the graft. 

Bacl^;roand for cardiovascular patches is well described in for example U.S. 5404.400, 
U.S. 4,164,045, U.S. 5,037,377. In the case of vascular patches, one side of the patch en- 



wo 02/087610 



PCT/SE02/00848 



52 

gages the blood while the other side engages other suuoimding tissues to promote trans- 
graft growth of the endothelial cells. In the case of intracardiac patches, blood engages both 
sides of the patch. Preferred biomaterials are those that provide sufficient rigidity in vivo. A 
vascular patdi biomaterial will be of sufficient rigidity to allow the patch to retain its form 
and pore-structure in the course of its intended use. Tho choice of patch niatcrial will differ 
according to the particular circumstances and site where the vascular patch is inq)lanted. 
Vascular patch is made of synthetic biomaterial, such materials include, but arc not limited 
to, tetrafluoroethylene polymers, aromatic/aliphatic polyester resins, polyurethans, and sili- 
cone rubbers, however any type of biocompatible microporous mesh may be used. The said 
biomaterials can be combined with each other or other substances such as polyglycolic 
acid. Preferred are expanded polytetrafluorethylene and Dacron. Dacron is usually woven, 
braided or knitted, and with or without velour, and suitable yams are between 10 and 400 
deniers. Hie nodal regions of ePTEE are composed of nonporous PTFE that serves to pro- 
vide tear resistance (e.g. for sutures and resistance to aneurysmal dilatation). The intemodal 
regions are composed of fibres of PTFE, which serve to connect the nodes, with the spaces 
between the fibres providing the porosity referred to herein. The nodal size can be ex- 
pressed as the percentage of the tissue-contacting surface that is cooc^osed of nodal PTFE. 
The distance between nodes can be expressed as the average fibril length. In turn the p(»x>9- 
ity is commonly expressed as the intemodal distance G-e. the average distance ftom the 
middle of one node to flie middle of adjacent node). Preferred ePTFE materials have nodes 
of sufficient size and fiequency to provide adequate strength (e.g., with respect to aneurys- 
mal dilatation) and intemodal regions of sufficient fiequency and fibre length to provide 
adequate porosity (to allow for capillary endothelialisation). Such materials will provide 
fewer though thicker nodes, which will in turn confer significandy greater strength in vivo. 
Qivcn the present specification, those skilled in the art will be able to identify and fabricate 
devices using biomaterials having a suitable combination of porosity and rigidity. Biomate- 
rials are preferably porous to allow the attachment and migration of cells, which may be 
followed by the fonnation and growth of capillaries into the luminal surface. Suitable pores 
can exist in the form of small channels or passages, which start at an external surface and 
extend through the biomaterial. In such cases, the cross sectional Hiwu^n^ltms of the pores 
are lar^ than the diameter of a capillary 5 microns and are typically less than 1 mm. Up- 
per pore size value is not critical as long as the biomaterial retains sufficient rigidity. How- 
ever, it is unlikely that useful devices would have pore size greater than about 1 mm. Such 
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poie dimensioiis can be quantified in microscope. As will be understood by a person skilled 
in the ait, sevraial modifications of graft matmals and surfaces can be made, such as pie- 
coating with for example protems (for exan^ile. U.S. 5,037,377, U,S. 4,319,363), non- 
heparinised whole blood and platelet rich plasma, glow-discharge modifications of sur- 
faces, adding poloxemers, fibrin glue, adhesion moiecules, covalent bonding, inQuencing 
surface charges with for example carbon (US. 5,827,327, U.S. 4,164,045), treating with a 
surfactant or cleaning agent, without excluding any other method. Also the implant can be 
constnicted as a hybrid of different intamodal distances in inner and outer surface, such as 
outer 60 microns and inner 20 microns in intemodal distance (HYBRID PTFE). Even more 
layers witii different intemodal distances may be used. Ihey all are intended to fall in the 
scope of present invention when not inhibiting endothelialisation. Potential biodegradable 
materials may be used in connection with the compositions, devices and methods of this 
invmtion, for example homopolymers e.g. poly-paradioxanone, polylysine or polyglycolic 
acid and copolymers e.g., polylactic add and polyglycolic acids or other bio materials, such 
as matrices of purified proteins and semi-purified extracellular matrix compositions may be 
used either alone or in combination with other materials as cardiovascular patch material, 
as long as they provide the required rigidity. Naturally occurring autogenic, allogenic and 
xenogenic material such as an umbilical vein, saphenous vein, native bovine artery, peri- 
cardium or intestinal submucosal tissue may also be used as cardiovascular patch material. 
Examples of clinically used vascular patches are disclosed in U.S. 5,037,377, US. 
5,456,711, U.S. 5,104,400, U.S. 4,164,045. Appropriate vascular patches will bodi deliver 
the gene composition and also provide a surface for new endothelium growth, i.e., will act 
as an i;i situ scaffolding on which and through which endothelial cells may migrate. Pref- 
erably, nucleic acids are attached to the side engaging the tissues surrounding the vessel. 
Appropriate intracardiac patches will both deliver the gene composition to the surrounding 
tissues and provide a surface for new endothelium growth, i.e., will act as an in situ scaf- 
folding on which and through which endothelial cells may migrate. Preferably, nucleic ac- 
ids are attached to both intracardiac patch surfaces. Alternatively, nucleic acids may be at- 
tached to one of the intracardiac patch surfaces. It will be understood by a person skilled in 
the art, that any material with Wocompatibility and rigidity will be acceptable to be used 
with the invention. 
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Stent herein means a medical inq)lant in the fonn of a hollow cylinder, which will provide 
support for the body lumen when it is implanted in contact with a site in the wall of a lu- 
men to be treated. They can be of several different designs such as tubular, conical or bi- 
furcated. The configuration can be such as a coiled spring, braided filament, perforated 
tube, slit tube, and zigzag, or any other variant Preferably, in the case of vascular stents it 
is adapted for use in blood vessels in a way that the stent has an outer, lumen-contacting 
surface, and an inner, blood-contacting surface. Many stents of the ait are formed of indi- 
vidual member(s), such as wire, plastic, metal strips, or mesh, which are bent, woven, in- 
terlaced or otherwise fabricated into a generally cylindrical configuration. The stent can 
also have underlying polymeric or metallic structural elements, onto which elements, a filrn, 
is applied (U.S. 5.951.586). Stents have been classified into either self-expanding or pres- 
sure expandable. The terms expand, expanding, and expandable are used herein to refer to 
diametrically adjustable intraluminal stents. When the self expanding stents are positioned 
at the treatment site with a delivery catheter, they are supposed to radially expand to a lar- 
ger diameter after bdng released from a constraining force, which force restricts them to a 
smaller diameter and conform a surface contact with a blood vessel wall or oth^ tissue 
without exertion of outwardly directed radial force upcm stent Stents of this type include 
stCTts of braided or formed wire. Self-expanding stents may also expand to a size as de- 
fined by diermal memory. The pressure-expandable stents are fabricated of malleable or 
plastically deformable material, typically formed of metal wire or metal strips. The col- 
lapsed stent is taken to the treatment site with a delivery catheter, and is then radially ex- 
panded with a balloon or other stent-expansion apparatus to its intended operative diame- 
ter. Thread elements or strands formed of metal are generally favoured, for ^Tplications re- 
quiring flexibility and effective resistance to radial compression after implantation. The fa- 
voiirable combination of strength and flexibility is largely due to the properties of the 
strands after they have been age hardened, or otherwise thermally treated in the case of 
polymeric strands. The braiding angle of the helical strands and the axial spacing between 
adjacent strands also contribute to strength and flexibility. 

Stent wires may be of metal, inorganic fibres, ceramic or organic polymers. They should be 
elastic, strong, biocompatible, and fatigue and corrosion resistant F6r example, core wires 
made of metals, such as stainless steel or gold or other relatively pliable non-toxic metals 
and alloys that do not degrade during the time of in^lantation or are not subject to severe 
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degradation (corrosion) under tlie influence of an electric current, are usually chosen. Such 
metals include, but are not limited to, platinum, platinum-izidium alloys, copp^ alloys, 
with tin or titanium, nickel-chrome-cobalt alloys, cobalt based alloys, molybdenium alloys, 
nickel-titanium alloys. The strands need not be of metal and may for example be of a 
5 polymeric material such as PKT, polyprop>dene, PEEK, HDPE, polysulfone, acetyl, PTEE, 
FEP, and polyurethane witiiout excluding any other substance (other variants: polytetra- 
fluorethylene, fluorinated ethylene propylene, polytetrafluorethylene-perfluoioalkyl vinyl 
ether copolymer, polyvinyl chloride, polypropylene, polyethylene terephthalate, broad fluo- 
ride and other biocompatible plastics). Also, a biodegradable or bioabsorbable material, 

10 such as homopolymers e.g. poly-paradioxanone, polylysine or polyglycolic acid and co- 
polymers, e.g. polylactic acid and polyglycolic acids, polyurethane, or other biomatehals, 
may be used either alone or in combination with odier materials as the stJBat material. Such 
monofilament strands range from 0,002 to 0,015 inches in diameter but of course the di- 
ameter could vary depending on the lumen size and the degree of si^jport needed. Also an- 

15 tithiombotic, anti-platelet, vasodilative, antiproliferative, andmigratory, antifibrotic, anti- 
inflammatory agents and more specifically, heparin, himdin, hirulog, etritinate, fioeskolin, 
rq>amycin, sirolimus, paclitaxel, tacrolimus, dexamethasone, cytochalasine D and Actino- 
mycin C and the Uke, may be attached the stmt Examples of clinically used stents are dis- 
closed in U.S. 4,733,665, U.S. 4.800.882, U.S. 4,886,062 incorporated here by reference. 

20 

Stent grafts, also called covered stents, for transluminal implantations include a resilient 
tubular inteibraided latticework of metal or polymeric monofilaments, a tubular inter- 
braided sleeve formed of a plurality of interwoven textile strands, and an attachment com- 
ponent that fixes the latticework and the sleeve togeth^, in a selected axial alignment with 

25 one another, engaged with one anoth^ and with a selected one of the latticework and the 
sleeve surrounding the other, whereby the latticework structurally supports the sleeve. It is 
ensured that the latticework and the sleeve behave according to substantially the same rela- 
tionship governing the amount of radial reduction that accompanies a given axial elonga- 
tion. The sleeve may be exterior or interim to the latticework, or the latticework may be 

30 integrated in the sleeve, and it can be continuous or discontinuous. Several prosthesis con- 
structions have been suggested for composite braided structures that combine different 
types of strands, e.g. multifilament yams, monofilaments, fusible, materials and collage. 
£xanq)les are found in WO91/10766. Textile strands are preferably multifilament yams. 
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even though they can be monofilaments. In either case the textile strands are much Sncr 
than the structural strands, ranging from about 10 denier to 400 denier. Individual filaments 
of the multifilament yams can range ftom about 0.25 to about 10 denier. Multifilament 
yams can be composed of various materials, such as PET, polypropylra, polyethylen, poly- 
urethane, HDPE, silicone. PTFE, polyolefins and ePTFE. By modifying the yams it is pos- 
sible to modify sleeve qualities, for example untwisted flat filaments provide thinner walls, 
smaller intersticies between yams so achieving lower permeability, and higher yam cross- 
section porosity for capillary transgraft growth. Porous expanded PTFE film has a micro- 
structure of nodes interconnected by fibrils and may be made as taught by for example U.S. 
Pat. Nos. 3,953,566, 4,187,390 and 4,482,516. Suitable pores can exist in the form of small 
channels or passages starting at an external surface and extending through the biomaterial. 
Jn such cases the cross-sectional dimensions of the pores are larger than the diameter of a 
capillary 5 microns, and axe typically less than 1 mm. Upper pore size value is not critical 
so l<Mig as the biomaterial retains sufficient rigidity, however it is unlikely that useful de- 
vices would have pore size greater than about Inun. Such pore dimensions can be quanti- 
fied in microscope. As will be understood by those in the art several modifications of stent 
graft materials and surfaces can be made such as precoating with proteins, non-heparinised 
whole blood and platelet rich plasma, glow-discharge modifications of surfaces, adding 
pluronic gel, filxmectin, fibrin glue, adhesion molecules, covalent bonding, influencing 
surface charges with for example caiix)n (U.S. 5,827.327, U.S. 4.164,045), treating with a 
surfactant or cleaning agent, mechanically changing the characteristics, such as drilling 
holes, adding grooves and changing the end angles without excluding any other method. 
Also the implant can be constmcted as a hybrid of different intemodal distances in inner 
and outer surface such as outer 60 microns and inner 20 microns in intemodal distance 
(HYBRID PTFE). Even more layers with different intemodal distances can be used They 
all are intended to fall in the scope of present invention when not promoting unwanted 
connective tissue growth or inhibiting endothelialisation. The fibrils can be uni-axially ori- 
ented, that is oriented in primarily one direction, or multiaxially oriented, that is oriented in 
more than one direction. The tenn expanded is used herein to r&fer to porous expanded 
PTFE. ft will be understood by a person skilled in the art, that any material with biooom- 
patibility will be acceptable to be used with the invention. Examples of clinically used stent 
grafts are disclosed in U.S. 5,957,974. U.S. 5,928.279, U.S. 5.925,075, and U.S. 5516,264. 
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Also, naturally occuring autologous, allogenic or xenogenic materials, such as arteries, 
veins and intestinal submucosal can be used in stent graiits, such as an umbilical vein, 
saphenous vein, or native bovine artery. Potential biodegradable vascular implants may be 
used as stent grafts in connection with tiie compositions, devices and methods of this in- 

5 vention, for example biodegradable and chemically defined polylactic acid, polyglycolic 
acid, matrices of purified proteins, semi-purified extracellular matrix compositions. Ap- 
propriate vascular grafts and stent grafts wiU both deliver the gene composition and also 
provide a sinface for new endothelium growth, i.e., will act as an m situ scaffolding 
through which endothelial cells may migrate and preferably inhibit unwanted tissue growth 

10 or restenosis. The particular design of the implants that are inq>lanted using the methods 
and compositions of the invention are not important, as long as connective tissue formation 
can be inhibited and they act as scaffolds througfh which endothelium can migrate, in the 
context of in vivo embodiments, and ultimately give rise to endothelialisation of the im- 
plant. 

15 

A variety of catheter systems are useful for delivering the interventional stents and stent 
grafts into the desired site. The chosen type is not important as long as the methods of pre- 
sent inv^tion are used. 

20 Heart valves are well known in the art and operate hemodynamically as a result of the 
pxmaping action of tfie heart Generally, there is an annular body having an interior surface, 
which defines a blood fiow passageway, and which has one or multiple occluders sup- 
ported thereon, for alternately blocking, and then allowing the blood flow in a predeter- 
mined direction. Heart valve prostheses are of various different designs, and of autologous, 

25 allogenic, xenogpnic or synthetic material. The mechanical valve annular housing, also 
called annular body, and the valving members, can be made of any biocompatible and 
nontfarombogenic material, that also will take the wear they will be subjected to. Thm are 
various different designs, such as a circular valve housing and a valving member, such as a 
spherical member or ball, pivoting disc, poppet disc, and leaflet members, such as single or 

30 multiple leaflet constructs, for example two flat leaflets, leaflets widi conical, SCTiicomcal 
and cylindrical surfaces. The orifice ring can be made of various matmals, such as a pyro- 
carbon coated surface, a silver coated surface or from solid pyrolytic carbon (described in 
U.S. 4,443,894), and leaflets may be made of one substrate, such as polyoistalline graph- 
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ite, plastic, metal or any other rigid material, and then coated with another, such as pyro- 
lytic caibon (e.g. in U.S. 3,546,711, and U.S. 3,579.645). Circular valve housing can be 
porous, (here referred as having a porous surface and a network of interconnected intersti- 
tial pores below the surface in fluid flow communication with the pores, see U.S. 
5 4,936,317), or nonporous, and suitable means, such as peripheral groove or a pair of flats 
can be provided for attaching a suturing ring to the annular body to facilitate sewing or su- 
turing of the heart valve to the heart tissue. The suturing member may have a rigid annular 
member or sleeve surrounding the base. The sleeve may be of a rigid material, such as 
metal, plastic or alite. The sleeve may have collars of fabric, such as Teflon or Dacron 
10 (EUB31,400). The valve may have further members, such as a cushioning member and a 
shock-absQcbing member. Examtples of mechanical heart valves are described in U.S. 
3,546,711. U.S. 4,011.601, U.S. 4,425,670. U.S. 3,824,629, U.S. 4,725,275, U.S. 
4,078,268. U.S. 4.159,543, U.S. 4,535,484, U.S. 4,692,165, U.S. 5,035,709, and U.S. 
5,037,434. 

15 

Xenograits, allografts or autografts can be used as tissue valves. When an autologous graft 
is used, usually the pulmonary valve is operated to the aortic position - a Ross operation. 
Allografts, also called homografts, are of cadaveric origin. Xenograft bioprosthetic heart 
valves are usually of porcine origin. They can be stented or stOTtless. The traditional 

20 stented valves may be designed to have a valving element, stent assembly and a suture ring. 
The stent may be cloth covered All the known stent materials can be used in the stent, in- 
cluding but not limited to titanium, Dekin, polyacetal, polypropylene, and Elgiloy. As is 
known by a person skilled in the art, theie are sevwal ways to manipulate tissue valves. For 
example a bioprosthesis may be made acellular (Wilson, Ann. Thorac Surg., 1995 ;60 (2 

25 suppl): S353-8) or preserved in various ways, such as witii glutaraldehyde. glycerol CBbff- 
man), dye-mediated photooxidation (Schoen, J. Heart Valve Dis., 1998; 7(2):174-9), and if 
preserved with glutaraldehyde, glutaraldehyde can be neutralised by aminoreagents (e.g. 
U.S. 4,405,327). Homografts can be deendothelialised. Examples of tissue heart valves are 
described in U.S. 3,755,823. U.S. 4,441,216, U.S. 4,172,295, U.S. 4,192,020, U.S. 

30 4,106,129, U.S. 4^01,030, and U.S. 4,648,881. Also, tiiere exists an extensive scientific 
litmture in the subject It will be understood by a person skilled in the art, that any mate- 
rial or tissue with biocompatibility to inhibit unwanted coimective tissue growth or allow 
endothelial growth will be acceptable. Genes can be attached to the heart valve prostheses 
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by various methods but the method is not important as long as gene is taken up by the sur- 
rounding tissue and EC-SOD is produced and excessive connective tissue formation and 
fibrosis inhibited or angiogenesis is stimulated, which results in endothelialisation of the 
orifice ring and/or the valving member surface. Nucleic acids or a composition comprising 
nucleic acids may be attached to whole or parts of the heart valves. Preferably, in tissue 
valves nucleic acids will be attached to the whole surface and stent assembly, and in me- 
chanical valves to annular body and sewing ring. 

Tissue implants can be made of various materials, such as polyethylene, polypropylene, 
polytetrafluorethylene (PTFE), cellulose acetate, cellulose nitrate, polycarbonate, polyester, 
nylon, polysulfone, mixed est^ of cellulose, polyvinylidene difluoride, silicone, collagen 
and polyacrylonitrile. Preferred support materials for tissue engineering are synthetic poly- 
mers, including oligomers, homopolymers, and copolymers resulting bom either addition 
or condensation polymaisations. Examples of tissue inq)lants are described in e.g. U.S. 
5,314,471, US. 5,882,354, US. 5,874,099, US. 5,776.747, and US. 5,855,613. It will be 
understood by the person skilled in the art that any material with biocompatibility to allow 
endothelial growdi and/or cq>illarisation will be acceptable. EC-SOD gsass can be at- 
tached to the implant by various methods, but the method is not iirqK>rtant as long as gene 
is taken 19 by the surrounding tissue and EC-SOD is produced and fibrosis is inhibited or 
angiogenesis is stimulated resulting in endothelialisation and/or capiUarisation of the im- 
plant 

Background for anastomotic devices also called graft cormectors is well described in U.S. 
5,904,697 and U.S. 5,868,763. Generally, anastomotic devices are employed either in end- 
to^nd anastomosis or cnd-to-side anastomosis. This invention comprises end-to-side anas- 
tomotic devices, preferably those anastomotic devices that have an anchoring member be- 
ing implanted intralimiinally to the target vessel and exposed to blood, such as SOLEM 
GraftConnector™. The term "anchoring member" is here referred to the member forming 
the attachment with the target vessel. The tran "coupling mranber" or "connecting mem- 
ber'' here refers to die member that forms attachmrat with the bypass graft vessel. Anchor- 
ing member and coupling member may form one single unit or be separated being con- 
nected during the procedure. Additional members such as a handle and pins may be com- 
prised. The intraluminal anchoring member may be of various design, prefimbly it is a tu- 



wo 02/087610 



PCT/SE02/00848 



60 



bular structure. The intraluminal anchoring membo: may be made of any biocompatible 
material such as metal, ceramic, plastic, polymer, PTFE, DACRON, PET, polypiopylen, 
polyethylen, polymiethane, HDPE, silicone, polyoldins and ePTFB or combination of sev- 
eral structures. Also a biodegradable or bioabsorbable material such as homopolymeis e.g. 
poly-paradioxanone, polylysine or polyglycolic acid and copolymers e.g. polylactic acid 
and polyglycolic acids or other bio materials may be used either alone or in combination 
with other materials. Anastomotic device may be porous; partly porous, or nonporous. 
Preferably the connecting member is nonporous and the anchoring member is porous. Al- 
ternatively both the connecting member and anchoring member are porous. If porous, the 
cross sectional dimensions of the pore capiUary diameter ai^ greater than 5 microns and 
typically less than 1 mm. Upper pore size value is not critical so long as the biomaterial re- 
tains sufficient rigidity, however it is unlikely that useful devices would have pore size 
ater than about 1mm. Such pore dimensions can be quantified in microscope. Suitable 
pores can exist in the form of chamiels or passa^s starting at the extraial suifece and ex- 
tend thiougji the WomateriaL As will be undrastood by diose in the art several modifica- 
tions of graft comiector design materials and surfaces can be made such as precoating widi 
proteins, non-hqjarinised whole blood and platelet rich plasma, glow-discharge modifica- 
tions of surfaces, adding pluronic gel, filwin glue, adhesion molecules, covalent bonding, 
influencing surface charges with for example carbon (U.S. 5,827327, and U.S. 4,164,045), 
treating with a surfactant or cleaning agent, mechanically changing the surface characteris- 
tics, such as adding grooves and changing the end angles without excluding any other 
method. Also the implant can be constructed as a hybrid of different intemodal distances in 
inner and outer surface, such as outer 60 microns and mner 20 microns in intemodal dis- 
tance (such as HYBRID PTFE). Even more layers with different intemodal distances may 
be used. They all are intMided to fall in the scope of present invention when not inhibiting 
endothelialisation. Genes can be attached to the implant by various methods, but the 
method is not important as Irag as the g^e is taken up by the surrounding tissue and EC- 
SOD produced, connective tissue formation inhibited and angiogenesis is stimulated result- 
ing in endotheliaUsation and/or cq?iUarisation of die implant. Appropriate graft coiuiectors 
will both deliver the gene composition and also provide a surface for new endotiielium 
growtii. i.e., will act as an //i jito scaffolding tiirough which endotiielial cells may migrate. 
It will be understood by a person skilled in tfie art that any material with WocompatiWUty. 
rigidity and porosity to allow transgraft growtii will be accq>table. 
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Suture materials are weU known in the art. "Filament" is here referred a single, long, thin 
flexible structure of a non-absorbable or absorbable mat^al. It may be continuos or staple. 
"Absorbable" filament is here referred one, which is absorbed, that is digested or dissolved, 
5 in mammalian tissue. Sutures may be monofilament i.e. single filament strands or multi- 
filament i.e. several strands in a braided, twisted or other multifilament construction and 
are made of wide variety of materials both natural, such as metal, silk, linen, cotton and 
catgut, and synthetic, such as nylon, polypropylene, polyester, polyethylene, polyurethane, 
polylactide, polyglycolide, copolymers of lactide and glycolide. Sutures may be porxjus 
10 (U.S. 4,905367, U.S. 4,281,669) or nonporous and they can be coated with various materi- 
ak described in for example in U.S. 4.185,637. U.S. 4,649,920, U.S. 4,201,216, U.S. 
4,983,180, and U.S. 4,711,241 or uncoated. Nucleic acids may be attached to any suture 
material to inhibit unwanted cormective tissue growtii or promote endothelialisation of su- 
tures. Attachment of the nucleic acids is paiticuiariy useful with synthetic non-absorbable 
IS vascular sutures. If multifilament suture is to be coated, it is not necessary that every fila- 
ment within the suture be individually or completely coated. Sizes of suture materials usu- 
ally range between 12-0 U.SP. size 0,001 mm to size 2 U.S.P. with outer diameter 0,599 
mm. Suture materials may be with or wibout needle in one or hoih ends and needle may be 
attached to the suture material by any of the m^ods known in the art, such as by defining 
20 a blind hole, i.e. a cylindrical recess, extending from a proximal raid face of the suture nee- 
dle along the axis thraeof. The length of the suture-mounting portion is generally equal to 
or slightly greater than the length of the hole. A suture is inserted into the hole and then the 
suture-mounting portion is crimped, i.e. deformed or compressed, to hold the suture. Alter- 
natively, the suture may be secured by addition of cement material to such blind hole (for 
25 example in U.S. 1 ,558,037). Also adhesive and bonding agents may be used, such as in 
U.S. 2,928,395, U.S. 3,394,704. Also other modifications may be employed such as in U.S. 
4,910377, U.S. 4,901,722, U.S. 4,890,614, U.S. 4,805,292, and U.S. 5.102.418. The surgi- 
cal needle itself may be made of various materials, such as medically acceptable stainless 
steel of required diameter. The suture attachment to the needle may be standard i.e. the su- 
30 ture is securely attached and is not intended to be separable therefrom, except by cutting or 
severing the suture, or detachable or removable i.e. be separable in response to a force ex- 
erted by the surgeon (U.S. 3,890,975, U.S. 3,980,177, and U.S. 5,102,418). Surgical ne&. 
dies may be of various form such as V4 circle, 3/8 circle, curve, Vi circle, 5/8 circle, or 
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strai^t and the needle distal point may be taper point, t^r cut, reverse cutting, precision 
point, spatula-type, and the like. The amount of nucleic acid attached to the suture material 
or to the composition coating the suture will vary depending upon the constmction of the 
fibre, e.g. the number of filaments and tightness of braid or twist and the composition, solid 
or solution applied. It will be understood by the skilled person that any material widi bio- 
compatibility to allow inhibition of connective tissue hyperplasia will be acceptable. Genes 
can be attached to the sutures by any of the methods described in this disclosure or any 
other method if so preferred. After gene has been taken up by the surrounding tissue, EC- 
SOD is produced and excessive connective tissue growtii is inhibited and endothclialisation 
stimulated resulting in endothclialisation of the suture material surface. 

Surgical pledgets are well known in tiie art. It will be understood by a person skiUed in the 
art, that any material with Wocompatibility to allow endothelial growth will be acceptable. 
Genes can be attached to the surgical pledgets by any method included in this disclosure, or 
any other method. After gene is taten up by the suiiounding tissue, ECSOD is produced 
and excessive connective tissue growth inhibited and angiogenesis is stimulated resulting 
in endotfadialisation of the implant. 

Physical and chemical characteristics, such as e.g. biocompatibility, biodegradability, 
strength, rigidity, porosity, interface propCTties, durability and even cosmetic appearance 
may be considered in choosing the said vascular or tissue implant, as is well known for 
those skilled in the art. Also, an im^rtant aspect of the present invention is its use in con- 
nection with odier implants having the advantage of avoidance of excessive connective or 
fibromuscular tissue growth or vascularisation of the interface with the tissues, including 
inqilants thranselves and functional parts of the implant, such as tissue chambers, pace- 
maker wires, mdwelling vascular cathetras for long time use and the like. The surface may 
be coated or pores filled with nucleic acids or with a material having an affinity for nucleic 
acids, and then the coated-surface may be further coaled with the gene or nucleic add that 
one wishes to transfer. The available chemical groups of the adsbrptive, may be leaday 
manipulated to control its affinity for nucleic acids, as is known to those skilled in the art. 
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Experimental section 
Example 

EC-SOD expression plasmid 

A rabbit lung cDNA library (Qontech # TLlOlOa) was screened by plaque hybridization 
using a partial rabbit EC-SOD cDNA (genbank X78139; ECSOD encoding bases 126-465) 
as a probe (Hiltunen et al... 1995, Hiltunen, T.. Luoma, J., Nikkari, T. and YlS-Hcrttuala, 
S.: Induction of 15-lipoxygenase mRNA and protein in early atherosclerotic lesions. Cir- 
culation 92 (1995) 3297-3303). Positive clones were purified by a standard method 
(Ausubel. F.M.. Brent, R., Kingston, R.E.. Moore. D J)., Seidman, J,G., Smith, A.J. and 
Sttvhl, K. (eds.): Current protocols in molecular biology. John Wiley & Sons, Lie, USA, 
1995) and were found to contain the 3' regions of tiie EC-SOD cDNA. The 5* end of die 
coding sequence was amplified from rabbit genomic DNA by PGR using primers specific 
to EC'SOD gcoR (genbank AJC»7044); 5*-GAT GCT GGC CHT GOT GTG CTC-3' / 5*- 
GCA CX3G CCA QCQ GGT TGT AGT-3'. The 5' and 3* fiagments of the cDNA were 
subsequently ligated to produce the entire open reading fiame of EC-SOD gene which was 
further subcloned into pHirr631 expression vector (Mizushima, S. and Nagata, S.: pEF- 
BOS, a powerful manmialian expression vector. Nucleic, Acids. Res, 18 (1990) 5322) unr 
der elongation factor la promoter (pEC-SODla). DNA sequencing was done using ALP 
automated DNA sequencer (Phannacia). and the sequence analyses were performed with 
the GCG program package (Devereux, J., Haeberli, P. and Smithies, O.: A comprehensive 
set of sequence analysis programs for the VAX. Nucleic. Acids, Res. 12 (1984) 387-395). 
The expression cassette of pEC-SOD la was further cloned into an adenovirus vector 
(AdBglH) for adenovirus construction as described previously (Kozarsky, ELP. and Wilson. 
J.M.: Gene th^apy: adenovirus vectors. Curr. Opin. Genet. Dev. 3 (1993) 499-503). 

EC-SOD activity arudysis 

The efiiciency of adenovirus gene transfer was determined by measuring total SOD activity 
from the plasma as described in the litoature (Maiklund S: Spectrophotomctric study of 
spontaneous disproportionation of siq)eroxide anion radical and sensitive direct assay for 
superoxide dismutase. J. Biol Chem. 1976; 251:7504-7507). Briefly, a 25-50 n\ plasma 
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sanq}le was added to 3 ml SO inM AMP/HCl pH 9.5/0.2 mM DTPA buffer and blanked be- 
fore addition of kaliiinq>eroxide (KOz) substrate in SO mM NaOH/0.5 mM DIPA (Sigma). 
The reaction was followed for five minutes at 250 nm (Lambda Bio, P^kin Elmer). The 
activity was calculated by determining the half-times of O2" decay at A250. One unit in the 
assay is defined as the activity that brings about a decay in O2' concentration at a rate of 0.1 
in 3 ml buffer and corresponds to 8.6 ng of human BC-SOD as quantified by EUCSA 
(Marklund S: Spectrophotometric study of spontaneous disproportionation of superoxide 
anion radical and sensitive direct assay for superoxide dismutase. BioL Chem. 1976; 
251:7504-7507). 

RT-PCR analysis 

The expression of EC-SOD messenger RNA was studied using Enhanced avian RT-PCR 
kit (Sigma). Total RNA for the analysis was isolated using Trizol reagent (Gibco BRL), 
and contaminating DNA was removed by incubating RNA prqi 15 minutes at 37 °C with 
DNAse (Promega). The reactions were as follows RT: 80 X for 10 minutes, 25 °C for 15 
minutes, and 60 X for 50 minutes. 10 fil aliquots were used for following PGR reaction 
with primers 5'-GGATGTrGCAAGTGACCAGGC-3' and B S'-GCACGGCCAG- 
CGGGTTGT-AGT-3' . Reaction cycle was started with a 5 minute denaturation step at 96 
""C followed by 29 additional cycles; 96 for 1 minute, 60 °C for 1 minute, and 70 °C for 
1 minute. The reaction was finished by 10 minutes incubation at 72 ^'C. 

Egression ofLacZ and EC-SOD 

Biodistribution of adenovirus was determined by X-gal staining from LacZ group and by 
RT-PCR from EC-SOD group. X-gal staining was frequentiy seen in the spleen, lung and 
liver but not in the other tissues. RT-PCR analysis for EC-SOD expression showed similar 
pattern of tissue distribution as LacZ staining suggesting that in addition to vascular wall 
adenovirus also transduces other tissues. Total plasma SOD activity, which was measured 
before the gene transfer and 3, 7, and 14 days after die gene transfer was shown to be sig- 
nificantiy (p<0^01) low^ three days after the ^ne transfer in die control rabbits as com- 
pared to the EC-SOD group showing that adenovirus mediated EC-SOD gene transfer pre- 
vented redaction in total plasma SOD activity. 
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Histological analysis 

Hie effect of adenovims mediated gene transfer of EC-SOD on intimal thickening was 
evaluated in a rabbit restenosis model. Briefly, 28 New Zealand White rabbits w«e kept on 
0.25 % cholesterol rich diet for two weeks before balloon catheter mediated denudation of 
aortic endothelium. The animals were anaesthetised with s.c. 0.5 ml Hypnorm (Janssen) 
and i jn. 0.8 ml Dormicum (Roche), time points were studied. Three days aftw the denuda- 
tion EC-SOD or LacZ adenovirus gene transfer (3x10^ pfu/kg) was performed to the ab- 
dominal aortic segment using a local drug delivery cadicter (Dispatch cathct^, Boston Sci- 
entific). Serum samples were collected before the gene transfCT, three and seven days after 
the gene transfer, and at the end of study. Two weeks (EC-SOD n=10 and LacZ n=10) or 
four weeks (EC-SOD n=4 and LacZ n=4) after the gene transfer die animals were sacri- 
ficed. 

Multiple tissue samples were collected to determine the biodistribution of adenovirus, as 
described above. Gene txans£»r site and adjacent segments of abdominal aorta ftom renal 
arteries to bifurcation point were analyzed histologically to determine the effect of adenovi- 
ral EC-SOD gene transfer on neointima formation. Aortic sections wwe obtained at 3 sites: 
the segmmt for gene transfer, a segment 2 cm proximal to, and a segment 2 cm distal from 
die gene transfer site. After removal of the vessel segnmts, the specimen were flushed 
gently with saline and divided into three equal parts. One part was immmion-fixed in 4 % 
parafonnaldehyde/15 % sucrose (pH 7.4) for 4 h, rinsed ovemi^t in 15 % sucrose (pH 7.4) 
and embedded in paraffin. Another part was fixed in 4 % paraformaldehyde/15 % sucrose 
(pH 7.4) for 10 min, rinsed in PBS, embedded in OCT compound (Miles Scientific, Elk- 
hart) and stored at -70*^0 until subsequent analysis of gene transfer efficiency by X-gal 
staining for 6 h at +37°C (LacZ transfected animals). The third part was snap-frozen and 
further stored at ~70*»C until RT-PCR analysis (EC-SOD transfected animals). Neointima 
formation was quantified after hematoxylm/eosin staining using Lnage-pio plus software 
with Olympus AX70 microscope (Olympus Optical) as previously described (Hiltunen 
MO, Laitinen M, Turmien MP, Jeltsch M. Haitikainen J, Rissanen TP, Laukkanen J, Niemi 
M. Kossila M, Hakkinen TP, Kivela A, Enhohn B, MansukosM H, TUrunen AM, Alitalo 
K. Yla-Iferttuala S: Intravascular adenovirus-mediated VEGF-C gene transfo- reduces 
neointima formation in balloon-denuded rabbit aorta. Circulation 2000; 102:2262-2268). 
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Following antibodies were used to study the aortic segments: CD31 (endothelium, dilution 
1:50, DAKO) verified with vWF, RAM 1 1 (macrophages, dilution 1:200, DAKO), HHF35 
(SMC, dilution 1:50, DAKO), p67phox (NADPH oxidase, dilution 1:100, Transduction 
5 Laboratories) eNOS (dilution 1:25, Transduction Laboratories), iNOS (dilution 1:50, 
Transduction Laboratories), VEGF-A (dilution 1:100, Santa Cruz), VEGF-C (dilution 
1:100, Santa Cruz), NF-kappaB (dilution 1:50, Transduction Laboratories). Avidin-biotin- 
horseradish peroxidase system was used for signal detection (Vector Elite Kit). Apoptosis 
was detected using ApopTag kit (Ihtergen) according to the manufacturer's instructions. 

10 

One of the landmaiks of atherosclerosis is SMC accumulation to the lesion, which is 
thought to be due to lipid accumulation, oxidized LDL and expression of growth factors. 
Also, SMC accumulation is a common consequence also after balloon angioplasty causing 
neointimaiormation within six months after the procedure CBittl JA: Advances in coronary 

13 angioplasty N. Engl J. Med. 1996; 335: 1290-1302). Neointima formation in EC-SOD 
animals (intima-media ratio of 0.09iX).05) was significantly (p<0.001) reduced as com- 
pared to LacZ controls (0.32drf).14). Interestingly, inhibition of neointima formation was 
observed not only m the gme transfer site but also in the flanking segments of the abdomi- 
nal aorta suggesting more widespread effect on prevention of restenosis. The four weeks 

20 time point showed 0.13±0.02 intima-media ratio for EC~SOD group and 0.54±020 for 
LacZ control group (p<0.001) indicating prolonged protection against intimal hyperplasia. 
The inhibition of neointima formation was similarly extended outside of the gene transfer 
site as at two weeks time point 

25 Since the magnitude of neointima formation is dependent on the degree of balloon injury to 
the vessel wall we detennined the integrity of internal elastic lamina (JEL) in aortic sam- 
ples from each experimental group. The measurement showed 4±6 % danoage to lEL in 
both EC-SOD and in LacZ control groups at the two weeks time point and 5±6 % and 2±2 
% (P=N.S.) damage at the four weeks time pointy respectively, indicating no diffierraices in 

30 vessel waO injury between the groups. 

Previous reports have shown that restenosis is effectively inhibited by inducing endothelial 
cell growth with growth factors like vascular endothelial growth fs^ctar (VEGF) or with 
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genes related to nitric oxide (NO) production (Yla-Hieittuala S, Martin JF: Cardiovascular 
gene therapy. Lancet; 2000; 355: 213-222), Aortic sections stained witii CD31 for endothe- 
lial cells showed 86±13 % recovery of vessel endotheKum after daiudation in EC-SOD 
group at two weeks time point whereas in LacZ control group the endothelial recovay was 
only 21±13 % showing a significant difference (jxO.OOl). Immunohistological analysis of 
factors which could be involved in this effect (eNOS, iNOS, VEGF-A, VEGF-C, and NF- 
kappaB) showed no difference between EC-SOD and LacZ control groups. The endothelial 
recovery of the control samples reached EC-SOD group at four weeks time point being 
88±13 % for EC-SOD and 81+19 % for LacZ control group. 

Activated macrophages are known to secrete many cytokines and growth factors, such as 
interleukin-l, platelet derived growth factor, and insulin-like growth factor 1, which induce 
SMC proliferation and participate in neointima formation (Ross R: The pathogenesis of 
atherosclerosis: a perspective for the 1990s. Nature 1993;362:801-809. Libby P, Schwartz 
D, firogi E, Tanaka H, Clinton SK: A cascade model for restenosis. A special case of 
atherosclerosis progression. Circulation 1992;86: 11147-11152). RAM-11 inununostaining 
for macrophages showed significantly (p<0.001) decreased macrophage infiltration in 
neointima in EC-SOD group at both time points. The EC-SOD group showed 10-fold de- 
creased accumulation of macrophages as compared to LacZ controls two weeks after the 
gene transfix and 20-fold decreased accumulation four weeks after the gene transfer. 
NADPH oxidase, which is reported to be up-regulated in balloon-injured rabbit aortas 
(West N, Guzik T, Black E, Channon K: &ihanced superoxide production in experimental 
venous bypass graft intimal hyperplasia: role of NAD(P)H oxidase. Arterioscler. Tliromb, 
Vase, Biol 2001;21:189-194), was detected in the same areas as macrophages (Hg. 2i j and 
3ij). SMC a-actin staining indicated that at die two weeks time point intimal thickening 
was mosdy caused accumulation of SMCs. At the four weeks time point the accumulated 
macrophages in the neointima had already formed foam cells. 

Apoptosis occurs frequently in vascular remodelmg both in normal vessel wall develop- 
ment and in atherosclerotic lesions. Apoptosis was remarkably higho: in LacZ control ves- 
sels than in EC-SOD group at 2 weeks time point but the difEierraice was not present at 4 
weeks time point Autopsy and clinical chranistzy analysis showed no toxicity in nddier of 
the animal groups. 
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In the present study we have shown that adenovirus mediated EC-SOD gene transfer at- 
tenuated denudation derived totai SOD loss in plasma and resulted in a significant 
(p<0.001) inhibition of neointima fonnation in ballooned rabbit aortas for prolonged pe- 

5 riod. The anti-restenotic effect of EC-SOD may be based on the antioxidative nature of the 
enzyme. Recently it was shown that lucigenin reductase activity, which reflects the amount 
of O2, is increased immediately after injury to rabbit arterial rings. The oxidative stress 
was highest within a few minutes after injury and was gradually decreased showing only 
minor lucigenin reductase activity at 14 day time point suggesting that oxidative stress is an 

10 early event after endothelial denudation (Azevedo LC, Pedro MA, Souza LC, de Souza HP, 
Janiszewski M, da Luz PL, Laurindo FR: Oxidative stress as a signaling mechanism of the 
vascular response to injury: the redox hypothesis of restenosis. Cardiavasc. Res, 2000;47: 
436-445). The therapeutical effect was extended affecting both the gene transfer site and 
adjacent abdominal aorta segmi^ts from renal arteries to bifurcation point This may be 

IS due to the ability of plasma EC-SOD to bind to heparan sulfate proteoglycans on the glyco- 
galyx of the cell membranes (Karlsson K, Marldund SL: Heparin-induced release of ex- 
tracellular superoxide dismutase to human blood plasma. Biochem, J, 1987; 242:55-59). 
Previous studies with ischemic mbbit models are in agreement with current finding show- 
ing that systemic adenovirus mediated EC-SOD gene transfer targeted to liver prevents 

20 ischemia-reperfiision injury in coronary vessels (li Q, Bolli R, Qiu Y, Tang XL, Murphree 
SS, French BA: Gene tiierapy with extracellular superoxide dismutase attenuates myocar- 
dial stunning in conscious rabbits. Circulation 1998;98: 1438-1448, andii Q, Bolli R, Qiu 
Y, Tang XL, Guo Y, French BA: Gene therapy witfi extracellular superoxide dismutase 
protects conscious rabbits against myocardial infarction. Circulation. 2001 ;103: 1893- 

25 1898), suggesting that EC-SOD synthesized even in different organs can have a protective 
systemic effect 

EC-SOD transduced aortas had significantly increased endothelium recovery and reduced 
macrophage accumulation into vessel wall. Both of these alone have been reported to re- 
30 duce neointima growth in animal models (Asahara T, Chen D, Tsurumi Y, Kearney M, 
Rossow S, Passeri J, Symes JF, Isner JM: Accelerated restitution of endothelial integrity 
and endothelium-dependent function after phVEGF165 gene transfer, Circulation 1996; 
94: 3291-3302, and Ross R: Atherosclerosis-an inflammatory disease, N, Engl J. Med. 
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CLAIMS 

1. A medical device with improved biological properties for an at least partial contact 
with blood, bodily fluids and/or tissues when intnxiuced in a mammalian body, which 
device comprises a core and a nucleic acid present in a biologically compatible me- 
dium, 

characterised in, 

that said nucleic acid encodes a translation or transcription product capable leading to 
production of extracellular superoxide dismutase (EC-SOD) protein, which is capable 
of inhibiting hyperplastic connectiye tissue or fibromuscular formation and/or promot- 
ing endothelialisation in vivo at least partially <m at least one synthetic surface of said 
core. 

2. A medical device with improved biological prop^es for an at least partial contact 
with blood, bodily fluids and/or tissues vAim introduced in a mammalian body, which 
device comprises a core and EC-SOD jxrotein pr^nt in a biologically compatible me- 
dium, 

characterised in, 

that EC-SOD protein is capable of inhibiting hyperplastic connective tissue formation 
and/or promoting endothelialisation in ^dvo at least partially on at least one synthetic 
surface of said core. 

3. A device according to claim 1, wherein the nucleic acid is present in the biologically 
compatible medium in naked form. 

4. A device according to claim 1, wherein the nucleic acid has been introduced in a viral 
vector selected from the group consisting of retrovirus, Sendai virus, adeno associated 
virus and admovirus. 



5. 



A device according to claims 1, whemn the nucleic add is present in a liposome. 
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1999;340: 115-126). The reduced infiltration of macrophages suggests anti-inflanunatoiy 
role for EC-SOD in addition to antioxidative and anti-apoptototic roles which we have 
shown in previous studies (Lauldcanen MO, Lehtolainen P, Tuninen P, Aittomaki S, Oikari 
P, Marldund SL, Yla-Herttuala S: Rabbit extracellular superoxide dismutase: expression 
5 and effect on LDL oxidation. Gene 2000; 254: 173-179, and Laukkanen. M. C, Leppanen. 
P., Tuninen, P, Tuomisto, T, Naarala, J, and Yla-Herttuala, S. EC-SOD gene therapy re- 
duces paracetamol-induced liver damage in mice. 7. Gene Med 2001; 3: 321-325). 

EC-SOD gene transfix reduced ^optosis at two weeks time point. The exact role for apop- 
10 tosis in intimal hyp^lasia is unknown but early stage apoptosis has been suggested to 
stimulate restenosis after ballooning by provoking wound healing process whereas late 
stage apoptosis may inhibit neointima formation by balancing the amount of proliferating 
cells and rate of neointimal SMC death (Miwa K, Asano M» Horai R, Iwakuia Y, Nagata S, 
Suda T: Caspase l-indqiraident IL-lbeta release and inflammation induced by the apop- 
IS tosis inducer Fas Ugand. Nat Med 1998;4: 1287-1292, and Walsh K, Smith RC, Kim HS: 
Vascular cell apc^tosis in remodeling, lestmosis, and plaque rupture. Circ, Res. 
2000;87:184.188). 

In conclusion, our results indicates that local catheter-mediated delivery of EC-SOD ade- 
20 noviruses can reduce restenosis in rabbits and is a useful tool for the prevention of this 
condition in humans. 

In Fig. 1 panels A, C, E, G, I, K, and M represent EC-SOD group and panels B, D, F, H, J, 
L, and N represents the Lac Z group. Arrows indicate the location of internal lamina A and 

25 B. C and D internal elastic lamina determination; E and F endodielium staining (CD-31); G 
and H BrdU staining; I and J nuicrophage staining (Ram 11); K and L NADPH-oxidase 
staining (p67phQx); M and N SMC staining (EiHF-35). IhtimaAnedia aiea ratio, cell prolif- 
eration, and accumulation of macrophages were significantly decreased in EC-SOD groups 
as compared to LacZ controls. Measurements of intmial dastic lamina showed similar 

30 damage in both groups. 
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6. A device according to any of the preceding claims, wherein the biologically compatible 
medium is a biostablc polymer, a bioabsorbable polymer, a Womolecule. a hydrogel 
polymer or fibrin. 

7. A device according to claim 1, which comprises the nucleic acid in a reservoir separate 
firom said core enabling a successive delivery thereof to a mammalian body. 

8. A device according to any one of claims 1-7. wherein the nucleic acid has been at- 
tached to the core by ionic or covalent bonding. 

9. A device according to any one of the inmeding claims, wherein the synthetic surface is 
nonporous. 

10. A device according to any one of claims 1-9, wherein the synthetic surface is porous 
and allows c^illary and endothelial cell growth through the pores. 

1 L A device according to any one of the preceding claims, which is a cardiovascular im- 
plant 

12. A device according to any of the preceding claims 1-11, which is a vascular graft 

13. A device according to any one of claims 1-11, which is an endovascular implant 

14. A device according to claim 13, which is a stent 

15. A device according to claim 13, which is a stent graft. 

16. A device according to any of claims 1-1 1, which is a graft connector. 

17. A device according to any one of claims 1-11, which is a tissue implant 

18. A device according to any one of claims 1-1 1, which is a biosensor. 
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19. A method of improving a mammalian body's biocompatibiiity with a synthetic surface, 
which method comprises introducing a device comprising at least one synthetic surface 
in the body with an at least partial contact with blood, bodily fluids and/or tissues and 
administering a nucleic acid present in a biologically compatible medium to the sur- 
roundings thereof, wherein the nucleic acid encodes a translation or transcription prod- 
uct capable of increasing EC-SOD production and inhibition of hyperplastic connective 
tissue growth and/or promoting endothelialisation in vivo at least partially on said syn- 
thetic surface, said administration of nucleic acid being performed before, simultane- 
ously as or after die introduction of the device in the body. 

20. A method according to claim 17, wherein the nucleic acid is administmd in naked 
form. 

21. A method according to claim 17, wherein the nucldc acid is adnunisteted in a viral 
vector selected from the group consisting of retrovirus, Sendai virus, adeno associated 
virus and adenovirus. 

22. A method according to claim 17, wherein the nucleic acid is administered in a lipo* 
some. 

23. A method according to anyone of claims 17-22, wherein the nucleic acid is adminis- 
tered systemically to the mammalian before, during or after introduction of the device 
in a mammalian body. 

24. A method according to anyone of claims 17-22, wherein the nucleic add is adminis- 
tered to the surroundings of the device before, during or after introduction thereof in a 

mammalian body. 

25. A method according to anyone of claims 17-22, wherein the nucleic acid is adminis- 
tered to the device before introduction thereof in a mammalian body. 

26. A method according to claim 24, wherem the nucleic acid is attached to the core by 
ionic or covalent bonding. 
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27. A method according to any one of claims 17-24, wherein the biologicaUy compatible 
medium is a biostable polymer, a bioabsorbable polymer, a biomolecule, a hydrogel 
polymer or fibrin. 

28. A method according to any one of claims 17-26, wherein the step of administering tiie 
nucleic add is repeated at least once. 

29. A method according to any one of claims 17-27 wherein the mammalian body is a hu- 
man body. 

30. A method according to any one of claims 17-28 wherein the device is an implant used 
in cardiovascular surgeiy. 

31. A method according to any one of claims 17-29 wherein the device is replacing a part 
of the body. 

32. A method according to any one of claims 17-29 wherein the device is an endovascular 
implant 

33. A method according to any one of claims 17-28 wherein the device is a tissue implant 

34. A method according to any one of claims 17-28 wherein die device is a biosensor. 

35. A method of producing a medical device with improved biological properties for an at 
least partial contact with blood, bodily fluids and/or tissues when introduced in a 
mammalian body, which comprises providing a core comprising at least one surftice of 
a syndietic mat^al; and providing a nucleic acid in a biologicaUy compatible medium, 
which nucldc add encodes a translation or transcription product capable of increasing 
SOD^)roducdon which is capable of inhibiting hyperplastic connective tissue growth 
and/or promoting endotheUalisation m vivo at least partially on at least one surface of 
said core. 
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44. Use according to claim 42, whetein said condition is blood vessel thickening. 

45. Use of EC-SOD protein for Ifae manufacture of a medicament for treating conditions 
caused by damages due to vascular manipjulaidons. 

46. Use according to claim 45, wherein said condition is restenosis. 

47. Use according to claim 45, wherein said condition is blood vessel thickening. 

48. Use of EC-SOD gene/cDNA or protein for the manufacture of a medicament for de- 
creasing macrophage accumulation after a vascular manipulation. 



49, Use according to any of the claims 42-48, wherein the medicament is administ^ed by 
local or systemic delivery. 
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36. A method according to claim 34, wherein the nucleic acid is attached to the core by 
ionic or covalent bonds. 

37. A method according to claim 34, wherein the nucleic acid is provided in a reservoir 
separate from the core to enable addition thereof at least once to the surroundings of the 
core bRbt introduction into a mammalian body. 

38. Use of a nucleic acid encoding EC-SOD, for the manufacture of a therapeutic composi- 
tion intended to be admimstered systemically to a manunalian, whereby inhibition of 
hyperplastic connective tissue growth and/or promoting endothelialisation in vivo at 
least partially on a synthetic surface implanted in said mammalian is enabled. 

39. Use of EC-SOD protein for the manufacture of a therapeutic composition intended to 
be administoiBd systemically to a mammalian, whereby inhibition of hyperplastic 
coimective tissue growth and/or promoting endothelialisation in vivo at least partially 
on a synthetic surface implanted in said mammalian is enabled. 

40. Use of a nucleic acid encoding EC-SOD to improve the biological properties of a syn- 
thetic surface of a medical device, wherein said nucleic acid in a biologically compati- 
ble medium is contacted witii said surface in solution or gel form, whereby inhibition of 
hyp^lastic connective tissue growth and/or promoting endothelialisation in vivo at 
least partially on the synthetic surface is enabled. 

41. Use of a EC-SOD protein to improve the tnological properties of a synthetic surface of 
a medical device, wherein said protein in a biologically conopatible medium is con- 
tacted with said surface in solution or gd form, whereby inhibition of hyperplastic con- 
nective tissue growth and/or promoting mdothelialisation in vivo at least partially on 
the synthetic surface is enabled, 

42. Use of EC-SOD gene/cDNA for the manufacture of a medicammt for treating condi- 
tions caused by damages due to vascular manipulations. 

43. Use according to claim 42, wherein said condition is restenosis. 
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